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The  AROD T e s t  a n d  E v a l u a t i o n  Program is a p o r t i o n  of C o n t r a c t  
N o .  NAS 8-11835 per formed fo r  NASA, I n s t r u m e n t a t i o n  a n d  Communi- 
c a t i o n  D i v i s i o n ,  A s t r i o n i c s  L a b o r a t o r y ,  George C, M a r s h a l l  S p a c e  
F l i g h t  C e n t e r ,  H u n t s v i l l e ,  Alabama. 
1.1 THE AROD SYSTEM 
The AROD Sys tem is a v e h i c l e - b a s e d  r a n g i n g  s y s t e m ;  t h e  f u n c -  
t i o n s  of t i m i n g ,  control ,  s t a t i o n  s e l e c t i o n ,  a n d  d a t a  e x t r a c t i o n  
a r e  a l l  pe r fo rmed  i n  t h e  vehicle. The r e m a i n i n g  equ ipmen t ,  t h a t  
a s s o c i a t e d  w i t h  t h e  t r a n s p o n d e r  s t a t i o n s ,  is c o r r e s p o n d i n g l y  
s i m p l i f i e d  and  serves m a i n l y  a s  a means o f  a m p l i f i c a t i o n  and  fre- 
quency  t r a n s l a t i o n .  
The veh ic l e  equipment  is i n t e n d e d  to o p e r a t e  w i t h  up  t o  f o u r  
s t a t i o n s  s i m u l t a n e o u s l y .  Two , radio f r e q u e n c y  l i n k s  a r e  used  
which a c c o m p l i s h  t h e  f u n c t i o n s  of s t a t i o n  c o n t r o l ,  a c q u i s i t i o n  
a i d ,  and t h e  d e t e r m i n a t i o n  o f  t h e  r e l a t i v e  r a n g e  a n d  v e l o c i t y  t o  
e a c h  s t a t i o n .  The r e l a t i v e  r a n g e  is d e r i v e d  from t h e  two-way t i m e  
d e l a y  of t h e  r a n g i n g  m o d u l a t i o n  o n  t h e  S-band t r a n s m i s s i o n .  The 
re la t ive v e l o c i t y  is d e r i v e d  f rom t h e  two-way Dopp le r  s h i f t  of the  
S-band car r ie r  from t h e  v e h i c l e  to t h e  t r a n s p o n d e r  s t a t i o n  a n d  
r e t u r n .  I 
I 
I I 
The s y s t e m  is f u l l y  c o h e r e n t  i n  the t r a c k i n g  mode. A l l  r-f 
c a r r i e r s ,  a s  w e l l  a s  t h e  r a n g i n g  m o d u l a t i o n ,  a r e  d e r i v e d  from a I 
I common s o u r c e ,  T h i s  p e r m i t s  t h e  u s e  of e a c h  s i g n a l  t G  a i d  others  
i n  a c q u i s i t i o n  a s  w e l l  a s  p r o v i d i n g  t h e  means of m u t u a l  a s s i s -  
t a n c e  unde r  c o n d i t i o n s  of high dynamics or s p o t t y  s i g n a l  r e c e p t i o n .  
The p r i m a r y  g o a l s  of t h e  AROD s y s t e m  were t o  p r o v i d e  r a n g e  meas- 
i 
I 
. I  
I 
uremen t s  t o  over 2000 km a n d  v e l o c i t y  measurements  t o  over 12,000 
m / s  w i th  a c c u r a c i e s  bet ter  t h a n  t h e  t h e n  s t a t e  of t h e  a r t .  The 
1-1 
. a c t u a l  ha rdware  r e s u l t e d  i n  an  i n s t r u m e n t e d  unambiguous r a n g e  
measurement of 3042 km w i t h  a r e s o l u t i o n  of 0.183 meters and  
v e l o c i t y  measurements  of 0 t o  13,500 m / s  w i t h  a r e s o l u t i o n  of 
0.026 m / s .  
equ ipmen t s  is c o n t a i n e d  i n  t h e i r  r e s p e c t i v e  O p e r a t i o n  Handbooks,  
Documents No. 68-24763H and  68-24764H. 
1.2 PURPOSE OF TESTS 






p r i n c i p a l  o b j e c t i v e s  of t he  T e s t  E v a l u a t i o n  Program were: 
To o b t a i n  s t a t i s t i c a l  and  l o n g  t e r m  s t a b i l i t y  pe r fo rmance  
d a t a  u n d e r  c o n t r o l l e d  o p e r a t i n g  c o n d i t i o n s .  
To s t u d y  s y s t e m  c h a r a c t e r i s t i c s  and  s e a r c h  for a n o m a l i e s  
u n d e r  c o n d i t i o n s  s i m u l a t i n g  a c t u a l  o p e r a t i o n ,  and  
To e v a l u a t e  the v e h i c l e  b o r n e  s y s t e m  d e s i g n  t o  c e r t a i n  
e n v i r o n m e n t a l  c o n d i t i o n s  of s p a c e  ha rdware  which a r e  d e s i g n  
r e q u i r e m e n t s  . b u t  n o t  equipment  r e q u i r e m e n t s  of t h e  T e s t  
Model Hardware . 
tests c o n d u c t e d  were n a t u r a l  e x t e n s i o n s  of t h e  s u b s y s t e m  
a c c e p t a n c e  tests. The a c c e p t a n c e  tes t  program p r o v i d e d  t h e  means 
t o  v e r i f y  t h a t  t h e  ha rdware  had  been p r o p e r l y  b u i l t  a n d  pe r fo rmed  
i n  a c c o r d a n c e  w i t h  its d e s i g n .  The T e s t  E v a l u a t i o n  Program, how-. 
ever, was comprised of three t y p e s  of tes ts .  The first g roup  of 
t e s t s  was somewhat a n  e x t e n s i o n  of t he  a c c e p t a n c e  tes ts .  These  
t es t s  were designed t o  o b t a i n  f u r t h e r  d e t a i l  e n g i n e e r i n g  d a t a  of 
t h e  two s u b s y s t e m s  o p e r a t i n g  w i t h  t h e  c h e c k o u t  equ ipmen t s .  
T h i s  pe rmi t t ed  s i m u l a t i o n  of a l l  normal  o p e r a t i n g  c o n d i t i o n s  
a n d  p rov ided  f o r  s t a t i s t i c a l  e v a l u a t i o n  of d e l a y  measurements  and  
a c q u i s i t i o n  measurements  u n d e r  a v a r i e t y  of s i g n a l  c o n d i t i o n s  . 
These  tests p r o v i d e d  two i m p o r t a n t  o u t p u t s :  (1) t h e  s t a t i s t i c a l  
mean and  v a r i a n c e  of r a n g e  and  r a n g e  r a t e  measurements ,  a c q u i s i t i o n  
t i m e ,  and  p r o b a b i l i t y  of a c q u i s i t i o n  as a f u n c t i o n  of s i g n a l . d y -  
namics ,  and  (2) c a l i b r a t i o n  s t a b i l i t y ,  a s  n f u n c t i o n  of s i g n a l  




The s e c o n d  g r o u p  of tests was more of a d e m o n s t r a t i o n  a n d  ex- 
p l o r a t o r y  n a t u r e .  T h e s e  tests were d e s i g n e d  t o  s i m u l a t e ,  as 
n e a r l y  a s  p r a c t i c a l ,  a n  a c t u a l  o p e r a t i n g  s i t u a t i o n .  T h e  p u r p o s e  
was t o  d e m o n s t r a t e  f u l l y  a u t o m a t i c  o p e r a t i o n  i n  a c q u i s i t i o n  a n d  
s e q u e n c i n g  of t h e  t r a n s p o n d e r  s t a t i o n s .  A s  s u c h ,  t h e  tests were 
directed p r i m a r i l y  toward e x e r c i s i n g  t h e  equ ipmen t  a n d  o b s e r v i n g .  + 
tests was t h e  i n v e s t i g a t i o n  a n d  a n a l y s i s  of a n o m a l i e s  (and s u b s e -  
q u e n t  c o r r e c t i o n s )  a r i s i n g  from t h e  c o m p l e t e  a u t o m a t i c  s y s t e m  
o p e r a t i o n .  
. r a t h e r  t h a n  o b t a i n i n g  q u a l i t a t i v e  d a t a .  T h e  o u t p u t  of these 
I n  c o n j u n c t i o n  w i t h  t h e  two test s e q u e n c e s  descrJbed above, 
e v a l u a t i o n  of o n e  vehicle receiver a n d  both vehic le  t r a n s m i t t e r s  
was c a r r i e d  o u t  u n d e r  s i m u l a t e d  s p a c e  e n v i r o n m e n t  c o n d i t i o n s .  
T e s t s  were c o n d u c t e d  u n d e r  vacuum c o n d i t i o n s  t o  d e t e r m i n e  the 
n e e d  for p r e s s u r i z a t i o n ,  and  t o  v e r i f y , t h a t  t h e  h e a t  t r a n s f e r  
c h a r a c t e r i s t i c s  were a s  d e s i g n e d ,  and  were s a t i s f a c t o r y .  




The scope of t h i s  r e p o r t  is s u c h  a s  t o  g ive  a good u n d e r s t a n d i n g  
S e c t i o n s  of t h e  p e r f o r m a n c e  c h a r a c t e r i s t i c s  of t h e  AROD equ ipmen t  . 
I1 a n d  111 p r o v i d e  t h e  b a c k g r o u n d  f o r  t h e  s y s t e m  t e s t s ,  g i v i n g  
i m p o r t a n t  s u b s y s t e m  tes t  d a t a  a n d  a summary of t h e  i n s t r u m e n t a t i o n  
u s e d  i n  t h e  a c t u a l  t e s t i n g .  
S e c t i o n  I V  p r e s e n t s  d a t a  o b t a i n e d  d u r i n g  i n i t i a l  tests: o p e r -  
I 
J 
1 a t i o n a l  checks a n d  t h r e s h o l d s ,  and  d e t a i l e d  a c q u i s i t i o n  tests w i t h  
1 
* >  jamming, 
D e t a i l e d  s i n g l e  c h a n n e l  test r e s u l t s  a r e  p r e s e n t e d  i n  S e c t i o n  
V. T h e s e  t es t s  i n c l u d e d  a c q u i s i t i o n  thresholds a n d  a c q u i s i t i o n  
times, r a n g e  a n d  v e l o c i t y  measu remen t s ,  a n d  t r a c k i n g  c h a r a c t e r -  
i s t i c s  p e r f o r m e d  a t  v a r i o u s  s i g n a l  level  c o n d i t i o n s .  S e c t i o n  VI 
shows t h e  r e s u l t s  of m u l t i p l e  c h a n n e l  tests. The  tests were de- 
s i g n e d  to  show t h e  e f fec ts  on  r a n g e  a n d  r a n g e  r a t e  measu remen t s  
of jamming due  t o  v a r y i n g  s i g n a l  l e v e l  a n d  D o p p l e r  c o n d i t i o n s .  
Also i n c l u d e d  i n  S e c t i o n  V I  a r e  d e t a i l e d  b i t  error  tes ts  of t h e  
S-band da ta  l i n k .  
1-3 
8 
The  e f fec ts  of t h e  e n v i r o n m e n t a l  stresses of t e m p e r a t u r e  and  
vacuum are  p r e s e n t e d  i n  Sect ion V I I .  These  tests were c o n d u c t e d  
on one v e h i c l e  receiver (Channel  C) and  b o t h  v e h i c l e  t r a n s m i t t e r s .  
The l o n g  t e r m  effects  of d r i f t  a n d  a g i n g  a r e  p r e s e n t e d  in ' sece ion  
VIII. 
Section I X  is a summary of recommendat ions  for  improvement of ' 
AROD. 
Two a p p e n d i c e s  a r e  i n c l u d e d  i n  t h e  r e p o r t .  Appendix A-1  de- 
scribes t h e  Dopp le r  reverse s y s t e m  i n  AROD, t h e  p rob lems  it  p r e -  
s e n t e d ,  and  the s o l u t i o n s  p r o v i d e d  f o r  these problems.  Appendix 
A-2 summar izes  t h e  v e l o c i t y  measurement p rob lems  e e o u n t e r e d .  1 1 
1 
3 
1 . 4  SUMMARY OF PERFORMANCE 
A summary of t h e  pe r fo rmance  of t h e  AROD System compared t o  1 
s p e c i f i e d  g o a l s  and t o  d e s i g n  t h e o r e t i c a l  pe r fo rmance  is g i v e n  i n  
T a b l e  1-1. An i n s p e c t i o n  of t h i s  c h a r t  reveals t h a t  e s s e n t i a l l y  
a l l  of these s p e c i f i e d  g o a l s  were m e t  or exceeded  by t h e  equipment  . I  
per fo rmance .  The e x c e p t i o n s  a r e  i n  r a n g e  r a t e  a c c u r a c y  and  a c q u i -  
s i t i o n  t i m e .  
1.4.1 Range Measurement 
The  c r i t i c a l  p a r a m e t e r s  of t h e  r a n g e  measurement  p r o c e s s ,  
r e s o l u t i o n ,  and a c c u r a c y  a p p e a r  t o  have  been  m e t  or exceeded .  
The d a t a  p r e s e n t e d  i n  S e c t i o n  V shows t h a t  t h e s e  g o a l s  were m e t  
over a wide r a n g e  o f  s i g n a l  l e v e l  a n d  Dopp le r  ( v e l o c i t y )  c o n d i -  ' 
t i o n s .  The r e d u c e d  maximum r a n g e  from 20,000 km t o  10,000 k m  is 
a r e l a t i v e l y  i n s i g n i f i c a n t  f a c t o r  ( i n  r e l a t i o n  t o  t h e  s p e c i f i e d  
goal of 2000 k m ) .  
1 .4 .2  Range R a t e  Measurements  
The  maximum range r a t e  c a p a b i l i t y  and  range r a t e  r e so lu t ion  o f  
t h e  AROD ha rdware  a r e  i n  e s s e n t i a l  agreement w i t h  t h e  s p e c i f i e d  
goals.  The d a t a  of S e c t i o n  V shows t h a t  t h e  mean of 1 2 0  consecu- 
t i v e  r a n g e  r a t e  measurements  is c o n s i s t e n t l y  w i t h i n  t h e  s p e c i f i e d  
g o a l  of 0.015 m / s .  The d e s i g n  t h e o r e t i c a l  g o a s  was to  have t h e  
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measured  r m s  v a l u e  was a b o u t  four times t h i s  g o a l  or 0.06 m / s .  
A d d i t i o n a l  work is r e q u i r e d  t o  a c h i e v e  t h e  d e s i g n  t h e o r e t i c a l  
g o a l  o f  0.015 m l s  r m s .  
1.4.3 A c q u i s i t i o n  Time 
Two f a c t o r s  c o n t r i b u t e  t o  making t h e  s y s t e m  a c q u i s i t i o n  t i m e  
l o n g e r t h a n t h e  d e s i g n  g o a l .  F i r s t ,  due  to t h e  d e s i g n  c o n f i g u r a -  
t i o n  of t h e  s t a t i o n  c o n t r o l  l o g i c  a n d ' t h e  receiver and t r a n s m i t t e r  
c o d e  cont ro ls ,  a d e l a y  of a p p r o x i m a t e l y  2 .5  s e c o n d s  is i n s e r t e d  
between t r a n s p o n d e r  s t a t e s  T1-a a n d  T-2. T h i s  d e l a y  was added  to  
a l l o w  t h e  t r a n s p o n d e r  r a n g e  l o o p  t o  s e t t l e  p r i o r  t o  H-code a c q u i s i -  
t i o n .  A t  s h o r t e r  r a n g e s  t h i s  t i m e  p e r i o d  is a l s o  used  by t h e  
v e h i c l e  t o  s e a r c h  t h e  L-code, so t h a t  t h e  d e l a y  is o f  l i t t l e  c o n s e -  
quence .  A t  l o n g e r  r a n g e s ,  where t h e  v e h i c l e  L-code s e a r c h  is s h o r t ,  
t h e  d e l a y  a d d s  p e r h a p s  1.5 s e c o n d s  t o  the s y s t e m  a c q u i s i t i o n .  
The s e c o n d  c o n t r i b u t i o n  t o  i n c r e a s i n g  a c q u i s i t i o n  t i m e  is t h e  
i n c r e a s e d  Dopp le r  reverse sweep t i m e  r e q u i r e d  to  p e r m i t  t r a c k i n g  
d u r i n g  t h e  sweep by t h e  v e h i c l e .  T h i s  t i m e  may v a r y  be tween 0.25 
s e c o n d  and  a b o u t  3 .2  s e c o n d s ,  d e p e n d i n g  o n  v e h i c l e  v e l o c 5 t y .  The 
maximum is a b o u t  o n e  s e c o n d ,  a v e r a g e ,  g r e a t e r  t h a n  had  been  
a n t i c i p a t e d .  
1.4.4 Mechan ica l  C h a r a c t e r i s t i c s  
The size,  w e i g h t ,  and  power r e q u i r e m e n t s  of t h e  s p e c i f i e d  goal 
a r e  a l l  s a t i s f i e d  by the  p r e s e n t  ha rdware .  
1 .4 .5  R e l i a b i l i t y  
Whi le  s u f f i c i e n t  d a t a  is n o t  a v a i l a b l e  to  e s t a b l i s h  a n  a c t u a l  
MTBF f o r  e i t h e r  t h e  vehicle or t r a n s p o n d e r ,  s u f f i c i e n t  d a t a  is 
a v a i l a b l e  t o  e s t a b l i s h  t h a t  t h e  s p e c i f i e d  g o a l s  have  been  ex- 
ceeded .  Dur ing  t h e  program,  t h e  vehicle equ ipmen t  was o p e r a t e d  
for over 2100 h o u r s .  T h e r e  were no  p a r t  f a i l u r e s  d u r i n g  t h i s  
t i m e .  T h e  t r a n s p o n d e r s  were o p e r a t e d  for a b o u t  1500 h o u r s  e a c h  




2. ABSTRACT OF ACCEPTANCE TEST DATA 
c 
The  fo l lowing  d a t a  is a summary of selected p a r a m e t e r s  measured 
d u r i n g  a c c e p t a n c e  tests. T h e s e  d a t a  a r e ,  p r e s e n t e d  fo r  r e f e r e n c e  
o n l y .  N o  a t t e m p t s  a r e  made h e r e i n  t o  a n a l y z e  or j u s t i f y  t h e  d a t a .  
2.1 TRANSMITTER POWER OUTPUTS 
T r a n s m i t t e r  
. Vehicle,  VHF 1 
Vehicle ,  S-Band 
T r a n s p o n d e r  No. 1 
T r a n s p o n d e r  N o .  2 
T r a n s p o n d e r  N o .  3 
A l l  power measu remen t s  were made w i t h  a n  HP-431B Power Meter 
w i t h  c a l i b r a t e d  a t t e n u a t o r s  t o  p r o d u c e  o n - s c a l e  r e a d i n g s  . T a b l e  
11-1 p r e s e n t s  t h e  r e s u l t s  of these tests. 
Power O u t p u t  F r e q u e n c y  
MHz dbm W a t t s  
138 37.0 5.03. 
2214 8.1* 6.5 mW* 
1800 . 37.4 5.5 
1800 36.0 3.98 
1800 36.2 4.18 
TABLE 11-1. T r a n s m i t t e r  Power O u t p u t s  ( A c c e p t a n c e  T e s t  Data)  
t 1 1 1 
The d a t a  i n d i c a t e s  t h a t  t h e  t r a n s p o n d e r  power o u t p u t s  were 
below t h e  d e s i r e d  v a l u e  of 8 w a t t s  (+39 dbm). L a t e r  tests (see 
p a r a .  13.2.1) show t h a t  t h e  above r e a d i n g s  were b i a s e d  by  a e a l i -  
1 
I bra tian error . 
2.2 RECEIVER NOISE FIGURES 
b i  ,d The  receiver no i se  f i g u r e s  measu red  d u r i n g  a c c e p t a n c e  t e s t i n g  
a r e  p r e s e n t e d  i n  T a b l e  11-2. 
2 . 3 THRESHOLD 
T a b l e s  11-3 a n d  11-4 summarize t h e  a c q u i s i t i o n  a n d  t r a c k i n g  t h r e s h -  
olds measured  d u r i n g  a c c e p t a n c e  t e s t i n g .  A c q u i s i t i o n  t h r e s h o l d  is 
4 
2 -1 
t h e  minimum s i g n a l  level which w i l l  p e r m i t  t h e  equipment  t o  l o c k  
Receiver 
i n  t h a t  mode, b e  i t  L-code or H-code. T r a c k i n g  t h r e s h o l d  is t h e  
minimum s i g n a l  level  a t  which t h e  equipment  w i l l  r emain  l o c k e d .  
TABLE 11-2. Receiver Noise F i g u r e s  (Acceptance  T e s t  D a t a )  
F requency  Noise F i g u r e  
t 
L-Code L-Code H-Code H-Code 
A c q u i s i t i o n  T r a c k i n g  A c q u i s i t i o n  Tr ’ack ing  
Channel  T h r e s h o l d  T h r e s h o l d  T h r e s h o l d  T h r e  s h o  I d  
A -127 dbm -131 dbm -123 dbm -125 dbm 
B -128 dbm -131 dbm -126 dbm -128.5 dbm 
C -128 dbm -131.5 dbm -124 dbm -126 dbm 
# D  -129 dbm -131.5 dbm -125 dbm -127 dbm 
V e h i c l e ,  S-Band 
T r a n s p o n d e r  N o .  1 VHF 
T r a n s p o n d e r  No.  2 VHF 
T r a n s p o n d e r  No. 3 VHF . 
T r a n s p o n d e r  No.  1 S-Band 
T r a n s p o n d e r  No. 2 S-Band 











T r a n s p o n d e r  
No. 1 
No. 2 




5.1 db  
9.0 db 
9.0 db 
10.0 db  
L-Code L-Code H-Code H-Co de 
A c q u i s i t i o n  T r a c k i n g  A c q u i s i t i o n  T r a c k i n g  
T h r e s h o l d  T h r e s  ho I d  T h r e s h o l d  Th r e s ho 1 d 
-129 dbm -130 dbm -125 dbm -126 dbm 
-128 dbm -130 dbm -123 dbm -126 dbm 




The i n s t r u m e n t a t i o n  fo r  t h e  AROD T e s t  E v a l u a t i o n  Program was 
c e n t e r e d  a r o u n d  t h e  c h e c k o u t  e q u i p m e n t s  -- Vehic le  Borne  Equip-  
ment  Checkou t  Sys t em (P /N 01-22442H01) a n d  T r a n s p o n d e r  Equipment  
Checkou t  Sys t em (P/N 01-22443H01) . 
of  s p e c i a l  test  f i x t u r e s ,  commercial test e q u i p m e n t ,  a n d  a n  i n t e r -  
c o n n e c t i n g  c a b l e  s y s t e m .  
3.1 VEHICLE CHECKOUT SYSTEM 
A u x i l i a r y  equ ipmen t  c o n s i s t e d  
The veh ic l e  c h e c k o u t  s y s t e m  p e r m i t s  t h e  c o n t r o l l e d  exercise of 
a l l  v e h i c l e  e q u i p m e n t  f u n c t i o n s ,  t h e  m o n i t o r i n g  of t h e  vehicle 
s t a t u s  a n d  a c q u i s i t i o n  s t a t e s ,  a n d  selected measurements  o n  t h e  
v e h i c l e  e q u i p m e n t .  The v e h i c l e  c h e c k o u t  is descr ibed  i n  d e t a i l  
i n  its O p e r a t i o n  Handbook, Document No. 68-24765H. Its b a s i c  
o p e r a t i o n  is i n  o n e  of two d i s t i n c t  modes -- t r a n s p o n d e r  s i m u l a t o r  
or t r a n s l a t o r  mode. 
. 
3.1.1 T r a n s p o n d e r  S i m u l a t o r  Mode 
I n  t h e  s i m u l a t o r  mode, t h e  checko 'u t  equ ipmen t  f u n c t i o n s  a s  two 
s e p a r a t e  t r a n s p o n d e r  t r a n s m i t t e r s .  I t  p r o v i d e s  t r a n s m i s s i o n s  o n  
a n y  two of t h e  f o u r  &-band c h a n n e l s  s i m u l t a n e o u s l y  a n d  p e r m i t s  
t h e  measu remen t s  of receiver t h r e s h o l d s ,  a c q u i s i t i o n  s e q u e n c e ,  
a c q u i s i t i o n  t i m e ,  r a n g e  a n d  v e l o c i t y  r e a d o u t s ,  a n d  d r o p o u t  c h a r -  
a c t e r i s t i c s .  The  t r a n s p o n d e r - t o - v e h i c l e  L-band f r e q u e n c i e s  a r e  
s y n t h e s i z e d  from i n d e p e n d e n t  12.8 MHz VCO's which a l s o  d r i v e  
t r a n s m i t t e r  code g e n e r a t o r s .  T h i s  p e r m i t s  the i n s e r t i o n  of s i g -  
n a l  dynamics  on both t h e  carr ier  and t h e  m o d u l a t i o n .  Manual S-band 
d a t a  e n c o d e r s  modu la t e  t h e  code t o  s i m u l a t e  t h e  S-band da t a  
t r a n s f e r  o v e r  t h i s  l i n k .  
switches a n d  c o n t a i n s  s t a t ' i o n  I D  a n d  s t a t u s  b i t s .  
gram showing t h e  o p e r a t i o n a l  hookup i n  t h i s  mode is g i v e n  i n  
F i g u r e  3-1. O p e r a t i o n  i n  t h e  c o h e r e n t ,  or zero v e l o c i t y ,  mode 
The  S-band message is se t  by  toggle  
A block d i a -  
0 
3-1 
. .  . 
. .  
is o b t a i n e d  by  p a t c h i n g  i n  t h e  v e h i c l e  12.8 MHz r e f e r e n c e  i n  p l a c e  
of t h e  i n t e r n a l  12.8 MHz VCO. 
3.1.2 T r a n s l a t o r  Mode 
I n  tlie t r a n s l a t o r  mode, t h e  c h e c k o u t  equ ipmen t  f u n c t i o n s  t o  . 
t r a n s l a t e  t h e  v e h i c l e  2214 MHz o u t p u t  t o  a c o h e r e n t  1800 MHz re- 
ceiver t e s t  s i g n a l .  T h i s  mode is u s e d  p r i m a r i l y  t o  measu re  t h e  
t o t a l  t i m e  d e l a y  i n  t h e  v e h i c l e  t r a n s m i t t e r / r e c e i v e r  c h a n n e l s .  
S i g n a l  dynamics  a r e  i n s e r t e d  i n  t h e  t r a n s m i t t e d  s i g n a l  -- both 
carr ier  a n d  m o d u l a t i o n  components .  The  c h e c k o u t  equ ipmen t  con-  
t a i n s  a 12.8 MHz VCO which is se t  m a n u a l l y  t o  r e p r e s e n t  a c o n s t a n t  
v e l o c i t y  ( D o p p l e r ) .  T h i s  s i g n a l  is used  t o  d r i v e  both t h e  v e h i c l e  
t r a n s i e n t  code g e n e r a t o r  a n d  t h e  s y n t h e s i z e r  u s e d  t o  d e r i v e  t h e  
414  MHz t r a n s l a t i o n  f r e q u e n c y .  O u t p u t s  may be o b t a i n e d  on  a n y  
o n e  of t h e  f o u r  receiver f r e q u e n c i e s .  A block d i a g r a m  showing  t h e  
t r a n s l a t o r  mode of o p e r a t i o n  is g i v e n  i n  F i g u r e  3-2. As a b o v e ,  
o p e r a t i o n  i n  t h e  c o h e r e n t ,  or zero v e l o c i t y ,  mode is o b t a i n e d  by  
p a t c h i n g  i n  t h e  veh ic l e  12.8 MHz r e f e r e n c e  i n  p l a c e  of t h e  i n -  
t e r n a l  1 2 . 8  MHz VCO. 
3.1.3 O t h e r  O p e r a t i n g  C h a r a c t e r i s t i c s  
3.1.3.1 Memory L o a d i n g  
The  v e h i c l e  c h e c k o u t  equ ipmen t  c o n t a i n s  a memory p rogram gen- 
e r a t o r  which p e r m i t s  l o a d i n g  t h e  vehicle m a g n e t i c  core memory. 
T h i s  i n c l u d e s  p r i m e  a n d  a l t e r n a t e  s t a t i o n  I D ' S  a n d  maximum 
r a n g e s .  L o a d i n g  is a c c o m p l i s h e d  o n e  p r i m e  and  o n e  a l t e r n a t e  s t a -  
t i o n  a t  a t i m e  by  t h e  u s e  of 2 4  toggle  switches. 
3.1.3.2 T r a n s m i t t e r  M o n i t o r i n g  
P r o v i s i o n  is made t o  m o n i t o r  t h e  S-band a n d  t h e  VHr' t r a n s m i t t e r  
o u t p u t s  fo r  power a n d  s p e c t r u m  s h a p e .  mown v a l u e s  of a t t e n u a -  
t i o n  a r e  i n s e r t e d  a n d  t h e  power measured  w i t h  a .  HP-431B Power 
Meter. The  s p e c t r u r p  i s  i n s p e c t e d  u s i n g  a 1IP-851/8551 Spec t rum 




3.1.3.3 VHF M o d u l a t i o n  
The 138 MHz VHF o u t p u t  is demodu la t ed  i n  a r e c e i v e r  s i m u l a t o r  
and  the r e c o v e r e d  m o d u l a t i o n  is compared to t h e  o r i g i n a l  sub -b i t  
d a t a ,  
o p e r a  t i o n .  
3.1.3.4 Var iogon  Phase S h i f t e r  
T h i s  p r o v i d e s  a c h e c k  on  t h e  c o m p l e t e  VHF t r a n s m i t t e r  
A Var iogon  p h a s e  s h i f t e r  is p r o v i d e d  for  u s e  on a 12.8 MHz 
s i g n a l  which c a n  be u s e d  €or a v a r i e t y  o f  f u n c t i o n s  r e q u i r i n g  t h e  
i n s e r t i o n  of a c a l i b r a t e d  d e l a y  to  o n e  s i g n a l .  
3.1.3.5 V e h i c l e  Prime Power 
The v e h i c l e  c h e c k o u t  equ ipmen t  p r o v i d e s  t h e  28 vdc p r i m e  power 
r e q u i r e d  t o  o p e r a t e  t h e  vehic le  equ ipmen t .  I t  is a d j u s t a b l e  over 
a r a n g e  of 24-32 v o l t s  t o  s i m u l a t e  f i e l d  c o n d i t i o n s .  
3.1.3.6 Vehic le  V o l t a g e  M o n i t o r  
M o n i t o r i n g  p o i n t s  a r e  p r o v i d e d  t o  m o n i t o r  t h e  vehicle p a c k a g e  
o p e r a t i n g  v o l t a g e s .  T h e s e  i n c l u d e  k3 .5  v o l t s ,  k10  vo l t s ,  -15 
v o l t s  a n d  -28 v o l t s .  
3.1.3.7 T e s t  P o i n t s  
The  c h e c k o u t  equ ipmen t  p r o v i d e s  m o n i t o r i n g  a c c e s s  t o  t h e  f o l -  
l o w i n g  v e h i c l e  f u n c t i o n s  (for e a c h  receiver c h a n n e l )  
SPE . .  n 
AGC 'vz 
CAD v 4  
AH DPE 
AL SITE DATA 
VRL127 v3 
3..1.3.8 Data  Readout  
A p r o v i s i o n  e x i s t s  i n  t h e  v e h i c l e  c h e c k o u t  equ ipmen t  for p r i n t -  
i n g  o u t  t h e  d a t a  o u t p u t  of t h e  v e h ' i c l e  p a c k a g e ,  o n e  word a t  a 
t i m e ,  The  d e s i r e d  word is s e l e c t e d  by  a f r o n t  p a n e l  c o n t r o l  on 
Vehicle  Checkou t  equ ipmen t .  The  m a j o r  l i m i t a t i o n  of t h i s  f a c i l i t y  
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is t h a t  i t  is n o t  poss ib le  t o  o b t a i n  more t h a n  one 
g i v e n  i n s t a n t  of t i m e .  For i n s t a n c e ,  V q l o c i t y  A and  Range A 
c o u l d  n o t  b e  o b t a i n e d  w i t h  t h e  same t i m e  r e f e r e n c e .  T h i s  f a c t  
n e c e s s i t a t e d  t h e  a d d i t i o n a l  f a c i l i t y  d i s c u s s e d  i n  p a r a g r a p h  3,3.4, 
a d i n g  f o r  a 
3 .1 .4  V e h i c l e  Checkout  Equipment C h a r a c t e r i s t i c s  
3.1.4.1 V e h i c l e  C o n t r o l  Drawer 
1. T r a n s p o n d e r  S i m u l a t o r  Mode 
O u t p u t  f r e q u e n c i e s  
Channel  A-B-C: 28,11875 MHz, 
2. ' 
28.125 MHz, or ' 
28.13125 MHz, 
12 .8  MHz ( T e s t )  
Channel  B-C-D: 28.125 MHz, 
28.13125 MHz, or 
28.1375 MHz. 
12.8 I MHz , ( T e s t )  
S t a b i l i t y :  1 p a r t  i n  105, l o n g  term, OO t o  
65OC. 
s h o r t  t e r m .  
Bet ter  t h a n  1 p a r t  i n  107/min, 
O u t p u t  levels: -2 dbm 53 db 
O u t  pu t  impedance : 50 *10 ohms 
A d j u s t  c a p a b i l i t y :  21200 H z  minimum ( r e f e r r e d  t o  12.8 
MHz) 
C o h e r e n t  T r a n s l a  to r  Mode 
I n p u t  f r e q u e n c y :  34 ..59375 MHz 
O u t p u t  f r e q u e n c i e s :  6.475 MHz, 
6 , 46875 MHz, 
6 .4625 MHz, or 
S t a b i l i t y :  
6.45625 MIiz. 
Same as i n  p a r a g r a p h  3.1.4.1 a. 
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O u t p u t  level :  -3 23 dbm 
O u t p u t  impedance:  50 + lo  ohms 
3.1.4.2 R-F T r a n s l a t o r  Drawer 
1. 
2. 
T r a n s p o n d e r  S i m u l a t o r  Mode 
I n p u t  f r e q u e n c i e s :  28,11875 MHz, 
28.125 MHz, 
28.13125 MHz, or 
28.1375 MHz. 
O u t p u t  f r e q u e n c i e s :  1799.6 MHz, 
1800.0 MHz, 
1800.4 MHz, or 
1800.8 MHz. 
Note: O p e r a t i o n  is p o s s i b l e  on  a n y  two of t h e  above f r e -  
q u e n c i e s  s i m u l t a n e o u s l y .  
O u t p u t  l e v e l :  A d j u s t a b l e ,  a p p r o x i m a t e l y  -40 t o  
-140 dbm. 
Load Impedance: 50 ohms res is t ive.  
C o h e r e n t  T r a n s l a t o r  Mode 
I n p u t  f r e q u e n c i e s :  
S-band - 2214 MHz 
HF S i g n a l  - 6,475 MHz, 
6.46875 MHz, 
6 ,4625  MHz, or 
6.45625 MHz. 
L-Band O u t p u t  
Frequencies:  1799 6 MHz , 
1800 0 MHz, 
1800 . 4 
1800 . 8 MHz . MHz, . or 
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O u t p u t  level: Ad jus t ab le ,  a p p r o x i m a t e l y  -52 t o  
-152 dbm 
Note: S-Band I n p u t  a n d  L-Band O u t p u t  s i g n a l s  u s e  common 
d i p l e x e r  p o r t  . 
Load Impedance:  50 ohms, r e s i s t i v e .  
3.2. TRANSPONDER CHECKOUT EQUIPMENT I 
The  t r a n s p o n d e r  c h e c k o u t  equ ipmen t  p r o v i d e s  the c a p a b i l i t y  
n e c e s s a r y  t o  c o n t r o l  a n d  exercise t h e  t r a n s p o n d e r  s t a t i o n s .  I t  
p r o v i d e s  t he  f o l l o w i n g  f u n c t i o n s .  
1. F r e q u e n c y  t r a n s l a t o r  t o  t r a n s l a t e  t h e  L-band t r a n s m i t t e r  
o u t p u t  (1800 MHz) t o  t h e  S-band receiver f r e q u e n c y  (2214 
MHz) . 
2. VHF t r a n s m i t t e r  s i m u l a t o r  w i t h  manual  d a t a  e n c o d e r .  
3, Time d e l a y  p h a s e  measurement .  
4. M o n i t o r i n g  and  c o n t r o l  f u n c t i o n s .  
A d e t a i l e d  d e s c r i p t i o n  of t h e .  t r a n s p o n d e r  c h e c k o u t  equ ipmen t  is 
c o n t a i n e d  i n  i ts O p e r a t i o n  Handbook, Document No. 68-24766H. 
3.2.1 F requency  T r a n s l a  t o r  
' A block d i a g r a m  of t h e  f r e q u e n c y  t r a n s l a t o r  is shown i n  F i g u r e  
3-3. T h i s  u n i t  t r a n s l a t e s  t h e  L-band t r a n s m i t t e r  o u t p u t  (1800 
MHz) t o  S-band (2214 MHz) a n d  i n s e r t s  s i g n a l  dynamics  o n  t h e  modu- 
l a t i o n  a n d  c a r r i e r .  The  c h e c k o u t  t r a n s m i t t e r  c o d e  g e n e r a t o r  is 
used  t o  r e p l a c e  t h e  t r a n s p o n d e r  t r a n s m i t t e r  c o d e  g e n e r a t o r  d u r i n g  
t es t .  Both t h e  c o d e  g e n e r a t o r  a n d  t h e  t r a n s l a t i o n  m u l t i p l i e r  a r e  
d r i v e n  f r o m  t h e  same 12.8 MHz VCO upon which  s i g n a l  dynamics  may 
b e  i n s e r t e d .  The  2214 MHz s i g n a l  c a n  be ga t ed  ON to  measure  
a c q u i s i t i o n  times. T h e  o u t p u t  s i g n a l  level  is c a l i b r a t e d  a n d  may 
be lowered  below receiver t h r e s h o l d .  
3.2.2 VIIF T r a n s m i t t e r  S i m u l a t o r  
The  VHF t r a n s m i t t e r  s i m u l a t o r  cons i s t s  of a m a n u a l l y  o p e r a t e d  







T h e  d i g i t a l  message is formed b y  a s e t  of toggle switches a n d  2% 
, 
s y n c h r o n i z e d  w i t h  t h e  c h e c k o u t  c o d e  g e n e r a t o r .  The  c a r r i e r  f r e -  
quency  is s y n t h e s i z e d  from t h e  12.8 MHz VCO ( p a r a g r a p h  3.2.1) a n d ,  
therefore,  c o n t a i n s  t h e  correct D o p p l e r  i n  r e l a t i o n  to t h e  S-band 
f r e q u e n c y .  The 138 MHz s i g n a l  may .be g a t e d  ON a n d  OFF to  measu re  
a c q u i s i t i o n .  The o u t p u t  s i g n a l  is c a l i b r a t e d  a n d  may be r e d u c e d  
below receiver t h r e s h o l d  level.  The  message e n c o d e r  is used t o  
program t h e  t r a n s p o n d e r  t h r o u g h  t h e  v a r i o u s  o p e r a t i o n a l  modes. 
3.2.3 Time De lay  Phase Measurement 
A p r o v i s i o n  is made i n  t h e  c h e c k o u t  equ ipmen t  t o  measu re  t h e  
t r a n s p o n d e r  t r a n s m i t t e r / r e c e i v e r  t u r n a r o u n d  t i m e  d e l a y .  The  d e l a y  
is r e a d  a s  a p h a s e  d e l a y  be tween  t h e  c h e c k o u t  equ ipmen t  and  t r a n s -  
ponde r  6.4 MHz high s p e e d  c o d e  clocks.  The  measurement  h a s  a 1 
r e s o l u t i o n  of 1.22 nanoseconds .  The r e a d i n g  i n c l u d e s  t h e  check-  ' )  
1 o u t  equ ipmen t  d e l a y ,  s o  is a r e l a t i v e  measurement ,  u n t i l  t h e  l a t t e r  
d e l a y  is s u b t r a c t e d .  3 
' 3 .2 .4  M o n i t o r i n g  a n d  C o n t r o l  F u n c t i o n s  
1. P r o v i s i o n  is made i n  t h e  c h e c k o u t  equ ipmen t  t o  m o n i t o r  t h e  
L-band t r a n s m i t t e r  o u t p u t  power a n d  s p e c t r u m  b y  means of a 
' power meter a n d  s p e c t r u m  a n a l y z e r .  
2. The f o l l o w i n g  i n d i c a t o r s  a r e  p r o v i d e d  to  show t r a n s p o n d e r  
s t a t u s :  
STANDBY T r a n s p o n d e r  AL 
ON ha s AH 








3, The f o l l o w i n g  s t a t u s  t e s t  p o i n t s  a r e  p r o v i d e d .  
S t a n d b y  Reverse D o p p l e r  T-0 
On T r u e  D o p p l e r  T-1A 
i 
, . .  
1 
c,i 
. I  
3-10 
T r a c k  T -AL T-1B 
Data Lock T-AH T-2 
T-L127 CAD T -3 
I n  a d d i t i o n ,  a l l  t r a n s p o n d e r  i n t e r n a l  power voItages may be 
m o n i t o r e d  a t  t h e  f r o n t  p a n e l  of t h e  c h e c k o u t  equ ipmen t .  
3.2.5 T r a n s p o n d e r  Checkou t  Equipment  C h a r a c t e r  is t i c s  
3.2.5.1 T r a n s p o n d e r  C o n t r o l  Drawer 
1. Reference G e n e r a t o r  
O s c i l l a t o r  F r e q u e n c y :  
O s c  il l a  tor Se ns  i t  i v i t y  : 
O u t p u t  F r e q u e n c i e s  : 
Mixer I n p u t  F requency :  
Mixer O u t p u t  F requency :  
O u t p u t  L e v e l s :  
O u t p u t  Impedances  : 
2. VHF C i r c u i t r y  
O s c i l l a t o r  F r e q u e n c y :  
VHF S y n t h e s i z e r  Loop Ga in :  
Bandwidth :  
Data F requency :  
S u b c a r r i e r  F r e q u e n c y :  
M o d u l a t i o n  Method: 
M o d u l a t i o n  Index :  
M o d u l a t i o n  O u t p u t  L e v e l :  
O u t p u t  Impedance: 
. 3, Channe l  VCO's 
O s c i l l a t o r  F r e q u e n c y  - 
C h a n n e l  A :  
Channe l  B: 
C h a n n e l  C: 
Channe l  D: 
3-11 
12.8 MHz 
1 kHz/vo l t  
6.4 MHz 




-2 dbm k2 db  
50 3-10 ohms 
34 .5  MHz 
6000 
BL = 100 HZ 
400 H z  
18 . 75 kc 
PCM/PSK/PM 
0.3 a t  34 .5  MHz 
-2 dbm 3-2 d b  
50 +lo ohms 





S y n t h e s i z e r  Loop Gain:  4000 
S y n t h e s i z e r  Loop Ba ndw i d  t h  : 10 H z  
O u t p u t  L e v e l :  -2 dbm f2 d b  
Out  p u t  Impedance : 50 f10 ohms 
4. Code G e n e r a t o r  
Clock F r e q u e n c i e s  -* 
Low Code: 6.25 kHZ (F~/1022)  
High Code; 6 .4  MHz (FH) 
Low Code : 127 b i t s  
High  Code: 511 b i t s  
Sequence  L e n g t h  - 
5, De lay  C o u n t e r  
I n p u t s  : - FHS 
C/O - FHS 
C/O - FH 
o u t p u t :  ' V i s u a l  r e a d o u t  of s e v e n -  
s t a g e  b i n a r y  c o u n t e r  p r o -  
p o r t i o n a l  t o  d e l a y  be tween  
T - FHS and  C/O - FHS. 
. 3.2.5.2 R-F T r a n s l a t o r  Drawer 
1. VHF C i r c u i t r y  
I n p u t  F r e q u e n c y :  
I n p u t  L e v e l :  
I n p u t  Impedance:  
I n p u t  M o d u l a t i o n  Index :  
O u t p u t  F requency :  
O u t p u t  L e v e l  : 
O u t p u t  Impedance: 
O u t p u t  M o d u l a t i o n  I n d e x :  
34.5 MHz 
-2 dbm f2 db 
50 510 ohms 
0.3 
138 MHz 
-55 t o  -155 dbm (carr ier  




2. S-Band C i r c u i t r y  
I n p u t  F r e q u e n c i e s  








Out  p u t  F r e q u e n c i e s  




S-Band C a r r i e r :  
S i g n a l  L e v e l s  
1799 . 6 MHz 
1800.0 MHz 
1800.4 MHz 








413 . 2 MHz 
2214 MHz 
L-Band C a r r i e r  w i t h  TWTA: +40 dbm +1 db 
L-Band C a r r i e r  w i t h o u t .  TWTA:+10 dbm t-3 d b  
M u l t i p l i e r  I n p u t :  -2 dbm +2 db 
Mu1 t i p l  i e r  Out  put; : +10 dbm 23 dbm 
S -Ba n d Ca r r i er .: -63 to -163 dbm 
Impedance L e v e l :  50 510 o h m s , ( a l l  R-F 
s i g n a l s )  
3.3 AUXXL-IARY TEST FIXTURES 
The  f o l l o w i n g  s p e c i a l  t e s t  f i x t u r e s  were n e c e s s a r y  t o  s u p p l e -  
ment  t h e  c h e c k o u t  e q u i p m e n t  i n  p e r f o r m a n c e  of t h e  t e s t  e v a l u a t i o n  
program. 
3.3.1 S t a t u s  I n d i c a t o r s  
When o p e r a t i n g  t h e  t r a n s p o n d e r s  or the  v e h i c l e  equ ipmen t  w i t h -  
o u t  c h e c k o u t  e q u i p m e n t ,  i t  was n e c e s s a r y ,  d u r i n g  t h e  t es t  p rogram,  
t o  s t i l l  have  a n  i n d i c a t i o n  of equ ipmen t  a c q u i s i t i o n  s t a t u s .  
T h e r e f o r e ,  f o u r  s t a t u s  i n d i c a  t i o n  a s s e m b l i e s  were d e s i g n e d  a n d  
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b u i l t  (one f o r  e a c h  t r a n s p o n d e r ,  a n d  one for t h e  v e h i c l e  e q u i p m e n t ) .  
T h e s e  p r o v i d e  t e s t  p o i n t s  a n d  v i s u a l  i n d i c a t o r s  for: 
T r a n s p o n d e r :  T-0 AL Da ta  Lock 
T-1A AH S t a n d b y  
T-1B Reverse D o p p l e r  On 
T-2 T r u e  D o p p l e r  T r a c k  
T-3 









The s t a t u s  i n d i c a t o r  a s s e m b l i e s  o p e r a t e  on s e l f - c o n t a i n e d  power 
s u p p l i e s  from t h e  115-volt, 60-Hz power l i n e .  
3.3.2 Wideband F r e q u e n c y  S y n t h e s i z e r  
I n  order t o  a p p l y  dynamics  t o  t h e  v e h i c l e  equ ipmen t  t o  s i m u l a t e  
D o p p l e r  d u r i n g  s i n g l e  c h a n n e l  t es t ,  i t  is n e c e s s a r y  t o  s u b s t i t u t e  
a n  e x t e r n a l ,  c o n t r o l l a b l e ,  wide  b a n d w i d t h ,  276 MHz s y n t h e s i z e r  f o r  
6 ".. i 
t h e  na r row bandwid th  v e h i c l e  t r a n s m i t t e r  s y n t h e s i z e r .  T h i s  f i x t u r e  
was d e s i g n e d  a n d  c o n s t r u c t e d  i n  a c c o r d a n c e  w i t h  the block d i a g r a m  of 
F i g u r e  3-4,. I t  u t i l i z e s  t h e  12.8 MHz VCO of t h e  t r a n s p o n d e r  check- 
o u t  equ ipmen t  a s  t h e  r e f e r e n c e  i n p u t .  I t  may be d r i v e n ,  a l s o ,  w i t h  
t h e  vehicle 12.8 MIIz r e f e r e n c e  t o  s i m u l a t e  t h e  zero v e l o c i t y  (zero 
D o p p l e r )  c a s e  . 
0 
3.3.3 19.2 MIiz R e f e r e n c e  S y n t h e s i z e r  f o r  D o p p l e r  Reverse 
I n  making  s i n g l e  c h a n n e l  tes ts  w i t h  D o p p l e r  on  t h e  v e h i c l e  VHF 
and  S-band c a r r i e r s ,  t h e  t r a n s p o n d e r  s t a t i o n  would  p r e s e n t  its 
S-hand s i g n a l  s u c h  t h a t  i t  c o m p e n s a t e s  f o r  a r e t u r n  D o p p l e r  a l so .  
T h e r e  b e i n g  none  i n  t h e  l a b o r a t o r y ,  v e h i c l e  lock would b e  p r o h i b -  
i t e d .  T h i s  d i f f i c u l t y  was c i r c u m v e n t e d  by t h e  i m p l e m e n t a t i o n  o f  
t h e  19.2 MIJz r e f e r e n c e  s y n t h e s i z e r  which r e p l a c e s  the f i x e d  19.2 
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MHz t r a n s p o n d e r  reference f r e q u e n c y .  The s y n t h e s i z e d  19.2 MHz 
r e f e r e n c e  c o n t a i n s  h a l f  D o p p l e r  so t h a t ,  when f e d  i n t o  t h e  t r a n s -  
p o n d e r  D o p p l e r  reverse c i r c u i t r y ,  t h e  t r a n s m i t t e r  D o p p l e r  is swept 
f r o m  zero D o p p l e r  t o  + D o p p l e r  i n s t e a d  of from - D o p p l e r  t o  
+ D o p p l e r  a s  i n  n o r m a l  o p e r a t i o n ,  A block d i a g r a m  of t h i s  i m p l e - .  
m e n t a t i o n  is shown i n  F i g u r e  3-5, 
3.3.4 AROD R e c o r d e r  I n t e r f a c e  
S t o r a g e  o f  t h e  v e h i c l e  o u t p u t  d a t a  was made o n  m a g n e t i c  t a p e ,  
u s i n g  a P r e c i s i o n  I n s t r u m e n t  Model PI-1177 Tape  Recorder, a l o n g  
w i t h  t h e  AROD R e c o r d e r  I n t e r f a c e ,  The  l a t t e r  p e r m i t t e d  d i r e c t  
s to rage  of t h e  AROD d a t a  o u t p u t  o n  t a p e  f o r  s u b s e q u e n t  r e a d - i n  t o  
a d i g i t a l  c o m p u t e r  fo r  a n a l y s i s .  A c o m p l e t e  f r a m e  of t i m e  r e l a t e d  
AROD d a t a  cons i s t s  o f  t e n  30-bi t  words ,  F o u r  frames a r e  r e a d  o u t  
i n  o n e  s e c o n d  f o r  a s e r i a l  d a t a  r a t e  o f  1200  b i t s  p e r  s e c o n d .  The  
recorder  p r o v i d e s  a c a p a b i l i t y  of 200  s i x - b i t  words p l u s  p a r i t y ,  
p e r  s e c o n d ,  which is e q u a l  t o  t h e  AROD d a t a  r a t e .  Each  30-bit  
AROD d a t a  word is d i v i d e d  i n t o  f i v e  s i x - b i t  words .  A block d i a -  
gram of t h e  r e c o r d e r  i n t e r f a c e  is g i v e n  i n  F i g u r e  3-6, 
3 - 3 . 4 . 1  I n p u t s  
The  o n l y  i n p u t s  to  the  r e c o r d e r  i n t e r f a c e  a r e  the  30 AROD d a t a  
l i n e s  a n d  a f l r e c o r d ' t  s w i t c h ,  T h e  d a t a  l i n e s  a r e  sampled  a t  a 40 
p p s  r a t e  a n d  s t o r e d  i n  a b u f f e r  register.  T iming  of t h e  " r e c o r d t 1  
s w i t c h  is s y n c h r o n i z e d  so t h a t  d a t a  is p r i n t e d  u n t i l  a g i v e n  r e c o r d  
is c o m p l e t e d ,  S t a r t u p  is s y n c h r o n i z e d  to s t a r t  a t  t h e  b e g i n n i n g  
. o f  a r e c o r d .  
3 .3 .4-2 o u t p u t s  
All o u t p u t s  a r e  s y n c h r o n i z e d  from a 400 H z ,  * O , l % ,  s e l f - c o n t a i n e  
o s c i l l a t o r .  The  400 H z  is d i v i d e d  down to p r o v i d e  i n t e r n a l  t i m i n g ,  
clock p u l s e s  to  t h e  t a p e  r e c o r d e r ,  AROD Reset TM (4  p p s )  t o  
s y n c h r o n i z e  t h e  AROD e q u i p m e n t ,  a n d  a 40 Hz s q u a r e  wave t o  t h e  
AROD v e h i c l e  c h e c k o u t  equ ipmen t  to  p e r m i t  s i m u l t a n e o u s  o p e r a t i o n  
.of t h e  d i g i t a l  p r i n t e r .  
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Recorder o u t p u t  No. 1 w i l l  r e a d  o u t ,  i n  5 m i l l i s e c o n d  i n t e r v a l s ,  
AROD b i t s  1, 7, 13, 19, a n d  25 of each da ta  word. The  o ther  b i t s  
a r e  p r o v i d e d  on  o u t p u t s  2 t h r o u g h  6 .  Five s a m p l i n g  clocks a r e  
u s e d  to  ga t e  t h e  d a t a  to  each o u t p u t .  The s t e p  p u l s e  (200 p p s ,  
130 ps wide)  e n a b l e s  t h e  recorder t o  write i n  t h e  d a t a  d u r i n g  t h e  
c e n t e r  of t h e  a p p r o p r i a t e  clock. After 24 c o m p l e t e  AROD d a t a  
frames (7200 d a t a  b i t s )  have b e e n  recorded, a n  f lend-of - record ' f  
s i g n a l  of 1/2 s e c o n d  is g e n e r a t e d .  T h i s  i n t e r v a l  a l lows t h e  com- 
p u t e r  t o  p r o c e s s  t h e  d a t a  p r i o r  t o  i n s e r t i o n  of t h e  n e x t  d a t a  
block. T i m i n g  i s  a r r a n g e d  t o  a l w a y s  s t a r t  a n d  s t o p  w i t h  word 
f lone"  . 
3.3.5 Computer  Da ta  R e d u c t i o n  a n d  A n a l y s i s  
The d a t a  r e d u c t i o n  a n d  a n a l y s i s  is f a c i l i t a t e d  by  two s e p a r a t e  
programs f o r  t h e  SDS 930 compute r .  Both p rograms  a r e  p r e c e d e d  b y  
a n  u n p a c k i n g  and s torage r o u t i n e  i n  which t h e  t e n  30-bit AROD d a t a  
words a r e  b r o k e n  down i n t o  more u s a b l e  d a t a  words a n d  s t o r e d  for 
f u r t h e r  p r o c e s s i n g .  Norma l ly ,  a b o u t  800 s a m p l e s  o f  d a t a  a r e  
t a k e n  f o r  c o m p u t e r  a n a l y s i s .  
3.3.5.1 S t a n d a r d  AROD Data R e d u c t i o n  Program 
The  s t a n d a r d  program pl rovides  a p r i n t o u t  of t h e  f o l l o w i n g  d a t a :  
1. R e a l  t i m e  
2. V e l o c i t y  of e a c h  c h a n n e l ,  i n . m / s  
3. Range of e a c h  c h a n n e l ,  i n  meters 
4. S t a t u s  b i t s  0 a n d  29 of b o t h  t h e  r a n g e  a n d  v e l o c i t y  words,  
The c o m p u t e r  s e a r c h e s  t h e  d a t a  a n d  marks v e l o c i t y  r e a d i n g s  
which  d i f f e r  from t h e  first r e a d i n g  by more t h a n  three meters p e r  
s e c o n d  a n d  r a n g e  r e a d i n g s  d i f f e r i n g  by more t h a n  13 meters (13 k m  
fo r  L-code lock o n l y )  from t h e  f i r s t  r e a d i n g .  I t  t h e n  e l i m i n a t e s  
those r e a d i n g s  a n d  computes  t h e  mean, s t a n d a r d  d e v i a t i o n ,  a n d  
p r o b a b l e  e r ror  a t  90 p e r c e n t  c o n f i d e n c e  l e v e l  for both v e l o c i t y  
a n d  r a n g e .  Samples  of t h e  compute r  p r i n t o u t  showing  5 sec of 
d a t a  ( f o r  "Record Number 20") a n d  t h e  tes t  summary sheet a r e  
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3 . 3.5 . 2 C o r r e l a  t i o n  Pro gram 
I n  order  t o  co r re l a t e  d a t a  v a r i a t i o n s  t o  other e v e n t s , .  a pro- 
gram was w r i t t e n  which p e r m i t s  c o m p u t a t i o n s  of a u t o - c o r r e l a t i o n  
a n d  c r o s s - c o r r e l a t i o n  be tween p a i r e d  s e t s  of  d a t a .  T h i s  p e r m i t s  
o b s e r v i n g  s u c h  e f fec ts  a s  a c y c l i c  r a n g e  v a r i a t i o n  c a u s e d  by t h e  
H-code s e a r c h  c i r c u i t r y  i n  t h e  v e h i c l e  equ ipmen t .  
3.3 .6  S-Band B i t  E r r o r  Detector 
I n  order t o  d e t e r m i n e  t h e  b i t  e r ror  r a t e  o f  t he  S-band d a t a  
l i n k ,  a s i n g l e  b i t  error  de tec tor  and  c o u n t e r  was c o n s t r u c t e d .  It 
compares  t h e  o r i g i n a l  d a t a  from the  vehicle  e q u i p m e n t  t o  t h e  re- 
c o n s t r u c t e d  d a t a  a t  t h e  t r a n s p o n d e r  a n d  i n d i c a t e s  any  errors of a 
f i v e - s t a g e  b i n a r y  c o u n t e r .  The c o u n t e r  is s u p p l i e d  a n  i n p u t  from 
AL s u c h  t h a t  AL l ock  is r e q u i r e d  before c o u n t i n g  c a n  o c c u r .  
3.3.7 C a b l e  I n t e r c o n n e c t i o n  Sys t em 
. 
For t h e  p u r p o s e s  of t h e  t es t s ,  t he  AROD e q u i p m e n t s  were se t  u p  
a s  shown i n  F i g u r e  3-9. P a t h  losses were c a l i b r a t e d  a n d  s y s t e m  
d e l a y s  were measured  w i t h  t h i s  c o n f i g u r a t i o n .  The s y s t e m  p e r m i t s  
a wide l a t i t u d e  i n  s i g n a l  l eve l  s e t t i n g s  f r o m  below t h r e s h o l d  t o  
above  -80 dbm, S y s t e m  d e l a y s  ( i n  meters) a r e  shown i n  T a b l e  111-I. 
I n  a d d i t i o n ,  a t t e n u a t o r s  t o  i n d e p e n d e n t l y  c o n t r o l  t h e  i n p u t  s i g n  
levels  t o  t h e  i n d i v i d u a l  t r a n s p o n d e r s  were added  be tween  t h e  d i -  
p l e x e r  a n d  t h e  receiver ,  when r e q u i r e d  by t h e  test .  
3 ..4 MEASUREMENT ACCURACY 
3.4.1 S i g n a l  L e v e l s  
A t  a l l  p o i n t s  i n  t h e  s y s t e m ,  s i g n a l  l eve ls  were known t o  a n  
a b s o l u t e  a c c u r a c y  w i t h i n  +1 db,  T h i s  was p o s s i b l e  t h r o u g h  c a r e -  
f u l  . i n i t i a l  c a l i b r a t i o n  a n d  f r e q u e n c y  checks for  d r i f t  f o l l o w i n g  
i n i t i a l  c a l i b r a t i o n .  S-band s i g n a l  levels  c o u l d  be a d j u s t e d  t o  
a p p r o x i m a t e l y  "-0.5 db,  w h i l e  the VHF s i g n a l  l eve l  was a d j u s t a b l e  






TABLE 111-1. AROD T e s t  S e t u p  Sys t em D e l a y s  
Sys t em Component 
Veh ic l e ,  Chan A 
V e h i c l e ,  Chan B 
Veh ic l e ,  Chan C 
Vehicle,  Chan D 
C a b l e ,  t o  XPDR #1 
C a b l e ,  t o  XPDR #2 
C a b l e ,  t o  XPDR #3 
Sys tem,  w i t h  XPDR #1 
Sys tem,  w i t h  XPDR #2 
Sys tem,  w i t h  XPDR #3 
T r a n s p o n d e r  N o .  1 
T r a n s p o n d e r  N o .  2 
T r a n s p o n d e r  No. 3 
3.4.2 S y s t e m  D e l a y s  
D e l a y ,  Meters 






























With  i n i t i a l  c a l i b r a t i o n  a n d  measurement  e a c h  d r i f t  test i n t e r -  
v a l ,  s y s t e m  r a n g e  d e l a y s  were known w i t h i n  a p p r o x i m a t e l y  +0,25 
meter, The v a r i o u s  d e l a y s  shown i n  T a b l e  111-1 a r e  mean d e l a y s  
h a v i n g  s t a n d a r d  d e v i a t i o n s  which r a n g e  be tween 0-17 a n d  0,31 
meter . 
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SECTION I V  
4. INITIAL TESTS 
4.1 OPERATIONAL CHECKS 
c 
The f irst  s t a g e  of tests was c o n d u c t e d  w i t h  t h e  e q u i p m e n t s  
c o n n e c t e d  t o  t h e i r  r e s p e c t i v e  c h e c k o u t  e q u i p m e n t s .  While most 
o p e r a t i o n a l  c h a r a c t e r i s t i c s  were normal ( t h e  e q u i p m e n t s  had  p a s s e d  
a c c e p t a n c e  t e s t i n g )  some d e f i c i e n c i e s  were uncovered .  T h e s e  i n -  
-7 c I u d e d  p rob lems  i n  d a t a  r e a d o u t ,  l o c a l  o s c i l l a  t o r  s p u r s ,  i m p r o p e r  P t h r e s h o l d  a d j u s t m e n t s ,  etc. A f t e r  a d j u s t m e n t s  were made a n d  s a t -  
i s f a c t o r y  o p e r a t i o n  a c h i e v e d  w i t h  t h e  c h e c k o u t  e q u i p m e n t ,  a com- 
p l e t e  s y s t e m  hookup was made u s i n g  o n e  or more t r a n s p o n d e r s  a n d  
o n e  t r a n s p o n d e r  s i m u l a t o r  ( v e h i c l e  c h e c k o u t )  . With  t h i s  a r r a n g e -  
ment t h e  v e h i c l e  c o u l d  lock t o  the s i m u l a t o r  c h a n n e l ,  f r e e z i n g  
t h e  memory p rogram,  a n d  t h e r e b y  p e r m i t  a wide  r a n g e  of o p e r a t i n g  





s e q u e n c e  correct a n d  d r o p o u t ,  ' a c q u i s i t i o n ,  a n d  t r a c k i n g  charac te r -  i 
. i s t i c s  were i n v e s t i g a t e d .  
4 .2  THRESHOLDS .I 
The v a r i o u s  t h r e s h o l d s  were measured  a f t e r  f i n a l  correct i o n s  
a n d l o r  a d j u s t m e n t s  had been  made. T h e s e  measurements  a r e  f e l t  t o  
i I 
! be w i t h i n  k1.0 db a n d  a r e  somewhat d i f f e r e n t  t h a n  t h o s e  r e p o r t e d  
i 
. i n  p a r a g r a p h  2.1.3. T h e s e  d i f f e r e n c e s  a r e  a t t r i b u t e d  t o  t h e  
9 
> l  
1 
f o  1 low i n  g : 
1. More p r e c i s e  s i g n a l  l eve l  c a l i b r a t i o n  
2. More precise a d j u s t m e n t s  o f  equ ipmen t  c i r c u i t r y  
3, A r e d e f i n i t i o n  ( i n  t he  case of t h e  t r a n s p o n d e r  L-code) of 
a c q u i s  i t i o n  t h res ho  1 d . 
T a b l e s  I V - 1  a n d  IV-2 l ist  t h e  t h r e s h o l d s  measu red  d u r i n g  i n i t i a l  
tests. The  r e a d i n g s  show a g e n e r a l  i n c r e a s e  over t h o s e  g i v e n  i n  
T a b l e s  11-3 a n d  11-4. The  a p p r o x i m a t e  5 d b  i n c r e a s e  i n  t r a n s p o n d e r  
i 
I 4 -1 
Channe l  
A 
B 
' C  
D 
L-Code L-Code H-Code H-Code 
A c q u i s i t i o n  T r a c k i n g  . A c q u i s i t i o n  T r a c k i n g  
T h r e s h o l d  T h r e s h 0  I d  Th re sho I d  T h r e s h o l d  
-129 dbm -133 dbm -127 dbm -129 dbm 
-128,5 dbm -133. dbm -127 dbm -130 dbm 
-130.5 dbm -133 dbm -126 dbm -128 dbm 
-129 dbm -132 dbm -126 dbm -128 dbm 
L-code t h r e s h o l d s  is due  p r i m a r i l y  t o  a r e d e f t n i t i o n  of t h r e s h o l d  
a s  t h a t  p o i n t  where L-code j u s t  a c q u i r e s ,  b u t  H-code d o e s  n o t  
. ever a c q u i r e .  T h e r e  is a n a r r o w  r a n g e  of s i g n a l  levels  (n round  
-130 dbm) where 13-code t r i e s  t o  a c q u i r e ,  a n d  upon d r o p p i n g  o u t  
c a u s e s  t h e  t r a n s p o n d e r  to  a l s o  d r o p  L-code, The minimum r e n d i n g  
was used  t o  d e f i n e  L-code t o  b e t t e r  observe d r i f t  and a g i n g  
c h a r a c t e r i s t i c s  . 
T r a n s p o n d e r  
N o ,  1 
N o .  2 
N o .  3 
4,3 ACQUISITION TESTS WITH JAMMING 
L-Code L-Code H-Code H-Code 
A c q u i s i t i o n  T r a c k i n g  A c q u i s i t i o n  T r a c k i n g  
. T h r e s h o l d  T h r e s h o l d  Th res ho  1 d T h r e s h o l d  
-134 dbm -136 dbm -126 dbm -127 dbm 
-133 dbm -135 dbm -126 dbm -129 dbm 
-133 dbm -135 dbm -126 dbm -128 dbm 
T e s t s  were c o n d u c t e d  to  d e t e r m i n e  s y s t e m  a c q u i s i t i o n  c h a r a e t e r -  
- i s t i c s ,  a n d  t o  show a n y  range a n d  r a n g e  r a t e  d a t a  d e g r a d a t i o n  
wh ich  might  o c c u r ,  when a d j a c e n t  c h a n n e l ( s )  were o c c u p i e d ,  
T r a n s p o n d e r  
N o ,  1 
No.  2 
No.  3 
4-2 
VHF Receiver VHF Receiver ' 
T r a c k i n g  T h r  e s h o  1 d A c q u i s i t i o n  T h r e s h o l d  
-126 . dbm -129 dbm 
-126 dbm -129 dbm 
-126.5 dbm . -130 dbm 
4 .3 .1  M u l t i c h a n n e l  A c q u i s i t i o n  
T h i s  tes t  was d e s i g n e d  t o  s i m u l a t e  t h e  a u t o m a t i c  a c q u i s i t i o n  
s e q u e n c e .  A program was loaded i n t o  t h e  vehicle m m o r y  which 
a l l o w e d  t h e  t r a n s p o n d e r s  t o  be s e q u e n t i a l l y  d r o p p e d  from one 
vehic le  receiver c h a n n e l  a n d  r e a c q u i r e d  i n  a n o t h e r  c h a n n e l .  I n  
t h i s  manner e a c h  t r a n s p o n d e r  was a c q u i r e d  i n  each receiver chan-  
n e l .  The t es t  was per formed s a t i s f a c t o r i l y .  
4.3.2 A c q u i s i t i o n  Margin for Co-Channel Jamming S i g n a l s  
I 
T h e s e  t e s t s  measured  t h e  maximum c o - c h a n n e l  jamming marg in  of 
each v e h i c l e  receiver fo r  each a c q u i s i t i o n  phase,  I n  t h e  first 
series of t es t s ,  t h e  vehic le  c h e c k o u t  equ ipmen t  was u s e d  t o  pro- 
v i d e  t h e  jamming s i g n a l ,  The jamming s i g n a l  was h e l d  a t  a l eve l  of' 
-75 dbm (a v e r y  s t r o n g  s i g n a l )  w i t h  a Dopp le r  r e p r e s e n t i n g  a p p r o x i -  
m a t e l y  120 m / s  v e l o c i t y .  With t h i s  s i g n a l  a c q u i r e d  o n  o n e  chan-  
n e l ,  t h e  o t h e r  three c h a n n e l s  were measured ,  u s i n g  t he  o t h e r  
c h e c k o u t  e q u i p m e n t  s i m u l a t o r ,  f o r  V-2, a n d  V-4 a c q u i s i t i o n ,  a n d  
V-2 and  V-4 d r o p o u t .  The d a t a  o b t a i n e d  a r e  summar ized  i n  F i g u r e s  
4-1 (H-code jamming) a n d  4-2 (L-code jamming) .  T h e s e  da t a  i n d i -  
c a t e  t h a t  the  a c t u a l  p e r f o r m a n c e  is a n  a v e r a g e  of 6 db from t h a t  
predicted from p r e v i o u s  c a l c u l a t i o n s  . These c a l c u l a t i o n s  i n d i -  
ca t ed  a 34 db jamming m a r g i n ,  L-code t o  L-code a n d  32 db jamming 
m a r g i n  f o r  H-code t o  H-code, With L-code jamming a n d  H-code 
a c q u i s i t i o n ,  or vice v e r s a ,  t h e  jamming m a r g i n  was c a l c u l a t e d  t o  
be  29 db. C h a n n e l s  B a n d  D were somewhat more s u s c e p t i b l e  to  
a d j a c e n t  c h a n n e l  i n t e r f e r e n c e  t h a n  c h a n n e l s  A a n d  C ,  b u t  performed 
a b o u t  a v e r a g e  f o r  two-channel  s e p a r a t i o n .  All c h a n n e l s  a p p e a r  t o  
be  a d e q u a t e  for f i e l d  o p e r a t i o n  i n  r e g a r d  t o  a d j a c e n t  c h a n n e l  
jamming; however, a two or three db improvement  would be d e s i r a b l e ,  
4.3.3 M u l t i c h a n n e l  Jamming T e s t s  
M u l t i c h a n n e l  jamming tes ts  were pe r fo rmed  o n  each c h a n n e l  w h i l e  
a l l  of t h e  r e m a i n i n g  three c h a n n e l s  were a c q u i r e d  ( i n  V-4)  a t  a 
strong s i g n a l  l eve l  ( a p p r o x i m a t e l y  -90 dbm' e a c h )  , Jamming s i g n a l s  
were s u p p l i e d  by  two t r a n s p o n d e r s  a n d  o n e  c h e c k o u t  c h a n n e l ,  w i th  
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Dopple r  r e p r e s e n t i n g  120 m / s  v e l o c i t y ,  The t e s t  c h a n n e l  was s u p l -  
p l i e d  by t h e  s e c o n d  c h e c k o u t  s i m u l a t o r ,  
p r e s e n t e d  i n  F i g u r e  4-3, As e x p e c t e d ,  t h e  jamming m a r g i n s  measured  
d u r i n g  these tests are less t h a n  o b t a i n e d  i n  t h e  two-channel  tests,  
The d a t a  o b t a i n e d  a r e  
The  r e s u l t s  a r e  q u i r e  u n i f o r m ,  
L-code a c q u i s i t i o n  and  be tween 
1 1 V-2 ACQ 
! 
I 
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r a n g i n g  between 20 and 2 5  db  for  
20 and  2 3  db for H-code a c q u i s i t i o n .  2 
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F i g u r e  4-3 , Four -channe l  Jamming T h r e s h o l d  (db) 
I t  c a n  be n o t e d  t h a t  a l l  a c q u i s i t i o n  a n d  d r o p  t h r e s h o l d s  meas- 
u red  i n  t h e  jamming tests show d e t e r i o r a t i o n  from the  s i n g l e  
c h a n n e l  noise  t h r e s h o l d s ,  The h i g h e s t  p a i r ,  c h a n n e l  D ,  a c q u i r e d  
i n  V-2 w i t h  a 44 db  d i f f e r e n c e ,  w i t h  a -75 dbm, V-2 jamming s i g -  
n a l  on c h a n n e l  A.  T h i s  is -119 dbm, compared t o  t h e  s i n g l e  
c h a n n e l  L-code a c q u i s i t i o n  t h r e s h o l d  for c h a n n e l  I) of -129 dbm 
g i v e n  i n  T a b l e  I V - 1 ,  
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SECTION V 
5, SINGLE CHANNEL TESTS 
An e x t e n s i v e  amount of d a t a  was t a k e n  u n d e r  s i n g l e  c h a n n e l  
s y s t e m  tes t s  c o n c e r n i n g  a c q u i s i t i o n  t h r e s h o l d s ,  a c q u i s i t i o n  times, 
r a n g e  a n d  v e l o c i t y  r e a d o u t s ,  a n d  t r a c k i n g  c h a r a c t e r i s t i c s . ’  T h e s e  
d a t a  were o b t a i n e d  u n d e r  v a r i o u s  c o n d i t i o n s  of s i g n a l  l eve l  a n d  
Dopp le r .  F i g u r e  5-1 shows t h e  b a s i c  i n t e r c o n n e c t i o n  d i a g r a m  u s e d ’  
i n  making t h e  s i n g l e - c h a n n e l  tests. 
5.1 THRESHOLD MEASUREMENTS 
D u r i n g  s i n g l e - c h a n n e l  t es t s  both  . a c q u i s i t i o n  a n d  t r a c k i n g  
t h r e s h o l d s  were measured  o n  each t r a n s p o n d e r ,  a n d  o n  e a c h  of t h e  
f o u r  vehic le  r e c e i v e r  c h a n n e l s ,  
5.1.1 T r a n s p o n d e r  T h r e s h o l d s  
0 
T r a n s p o n d e r  t h r e s h o l d s  were d e t e r m i n e d  by  a t t e n u a t i n g  t h e  s i g -  
n a l  g o i n g  t o  t h e  t r a n s p o n d e r  S-band r e c e i v e r  a n d  m e a s u r i n g  t h e  
s i g n a l  level  a t  t h e  receiver a n t e n n a  t e r m i n a l .  T h r e s h o l d  was de- 
f i n e d  a s  t h e  minimum s i g n a l  a t  which t h e  t r a n s p o n d e r  would r e l i a b l y  
a c q u i r e  L-code or H-code, T r a c k i n g  t h r e s h o l d s  a r e  d e f i n e d  a s  t h e  
’ minimum s i g n a l  levels a t  which L-code or 8-code lock c a n  be main- 
t a i n e d .  T h e s e  t es t s  a r e  p r e s e n t e d  i n  T a b l e  V-1, T h e s e  d a t a  com- 
p a r e  f a v o r a b l y  w i t h  d a t a  t a k e n  e a r l i e r  d u r i n g  I n i t i a l  T e s t s  u s i n g  
t h e  c h e c k o u t  equ ipmen t .  . 
5.1.2 V e h i c l e  Equipment  T h r e s h o l d s  
# 
The v e h i c l e  a c q u i s i t i o n  t h r e s h o l d s  were l i k e w i s e  d e t e r m i n e d  by  
a t t e n u a t i n g  t h e  S-band s i g n a l  from t h e  t r a n s p o n d e r  to the lowest 
leve l  a t  which the  v e h i c l e  would a t t a i n  s t a t e  V-4, T e s t s  were 
r e p e a t e d  w i t h  e a c h  t r a n s p o n d e r ,  f o r  e a c h  v e h i c l e  receiver c h a n n e l .  
The r e s u l t s  of these tes t s  a r e  p r e s e n t e d  i n  T a b l e  V-2, T h e s e  d a t a  
a r e  w i t h i n  a b o u t  1 db of e a r l i e r  d a t a  t a k e n  d u r i n g  I n i t i a l  T e s t s  















Vehicle Acquisition Thresholds. 
-130 dbm -132 dbm -125 dbm -127 dbm 
-130 dbm -133 dbm -125 dbm -127 dbm 
Ve hiel e Receiver. 
*See F i n a l  Data i n  T a b l e  V X I I - 1 ,  Page  8-2. 
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5.2 ACQUISITION TIME 1 
The s y s t e m  a c q u i s i t i o n  ' t i m e ,  b e i n g  t h a t  t i m e  i n t e r v a l  be tween 
t h e  ON command a t  t h e  t r a n s p o n d e r  a n d  t h e  V-4 s t a t e  i n  t h e  v e h i c l e  
was measured  u s i n g  T r a n s p o n d e r s  No. 2 and  3 a n d  c h a n n e l s  A a n d  B 
v e h i c l e  receivers. Data  was t a k e n  a s  a f u n c t i o n  o f  s i g n a l  level 
a n d  Doppler .  
5 - 2 . 1  A c q u i s i t i o n  Time i n  t h e  AROD Sys tem 
NOM 
The AROD Sys tem a c q u i s i t i o n  t i m e  c a n  b e  broken down i n t o  t h e  
MAX 
f o l l o w i n g  t h e o r e t i c a l  v a l u e s :  
1. L-code s e a r c h  
20 m s  p e r  b i t  x 1 2 7  b i t s  
(Due t o  s h o r t  r a n g e  d u r i n g  tests) 
2. I D  Comparison t i m e  
3. Dopple r  Sweep (40 kHz/sec)*  
4. De-Code DRC 




0 .125  
M I N  - 
0.20 







T o t a l  A c q u i s i t i o n  t i m e  a t  Max, D o p p l e r  5,175 sec n o m i n a l ,  5.81 
sec. Max., 4.78 sec. Min. 
For zero D o p p l e r ,  t h e  t o t a l  a c q u i s i t i o n  t i m e  s h o u l d  be 1.55 
sec. (1.80 - 0.25)  less t h a n  t h a t  a t  maximum Dopp ie r  o r  3.63 sec.' 
n o m i n a l ,  4.26 sec, max,, a n d  3.23 sec. minimum. 
5.2.2 - T e s t  Data  
The t e s t  d a t a  o b t a i n e d  is p r e s e n t e d  i n  t a b u l a r  form i n  T a b l e  
V-3. S e p a r a t e  r e a d i n g s  were t a k e n  to show L-code s e a r c h  ( s t a t e  
V-2 i n  v e h i c l e )  a s  i t  is t h e  l a r g e s t  s i n g l e  c o n t r i b u t o r  t o  a c q u i -  
s i t i o n  t i m e .  Each number g i v e n  i n  T a b l e  V-3 is the a v e r a g e  of  
n i n e  r e a d i n g s  . 
*Maximum D o p p l e r  is t a k e n  a s  70 kHz a t  t h e  1800 MHz t r a n s m i s s i o n  
f r e q u e n c y .  
m / s  
T h i s  r e p r e s e n t s  a v e l o c i t y  of a p p r o x i m a t e l y  1 2 , 0 0 0  
'5-4 
1 
* .  
S i g n a l  
L e v e l  
0 D o p p l e r  
+ Doppler  
- D o p p l e r  
A c q u i s i t i o n  Time, Sec. 
-80 dbm -100 dbm -119 dbm 
L-Code H-Code L-Code H-Code L-Code H-Code 
2.38 3.78 2.52 3.81 2.56 4.68 
2.29 4.97 2.24 5.41 2.55 . 8.01 
2.29 5.27 2-74 5 -94 2.56 7-51 
Due to t h e  manner  i n  which measurements  were t a k e n , , a  time 
error of a b o u t  0.3 s e c o n d  was f a i r l y  c o n s i s t e n t l y  made. After 
s e n d i n g  t h e  "Re tu rn  t o  T-0" s i g n a l ,  t h e  vehicle equ ipmen t  goes t o  
V-1 f o r  L-code s e a r c h .  S t a r t i n g  a t  maximum r a n g e ,  i t  s e a r c h e s  
toward zero r a n g e .  A s  o u r  o p e r a t i n g  r a n g e  is  n e a r  zero, n e a r l y  
t h e  f u l l  code must  be s e a r c h e d ,  a p p r o a c h i n g  2.54 s e c o n d s .  To 
s t a r t  t h e  t i m e  c o u n t ,  t h e  t r a n s p o n d e r  I D  was m a n u a l l y  swi t ched  t o  
t h e  correct I D  a f t e r  o b s e r v i n g  t h e  vehic le  g o i n g  from V-0 t o  V - l  
s t a t e ,  T h i s  b r o u g h t  a human d e l a y  i n t o  t h e  r e a d i n g s .  The ON 
command d e c o d i n g  d e l a y  of somewhat less t h a n  0.1 s e c o n d  was a l s o  
n e g l e c t e d  a s  t h e  ON s i g n a l  a t  t h e  t r a n s p o n d e r  p r o v i d e d  t h e  START 
of t h e  measurement  i n t e r v a l .  A l l  L-code a c q u i s i t i o n  r e a d i n g s  
s h o u l d  be a p p r o x i m a t e l y  2.54 s e c o n d s .  Most r e a d i n g s  i n  Table V-3 
show somewhat less, f o r  t h e  r e a s o n s  s t a t e d  above .  O n e  r e a d i n g ,  
- D o p p l e r  a t  -100 dbm, t u r n e d  o u t  h i g h  -- 2.74 s e c o n d s .  T h i s  was 
due  t o  o n e  h igh  r e a d i n g  of 6.72 s e c o n d s  c a u s e d  by  some d i f f i c u l t y  
i n  t r a n s p o n d e r  a c q u i s i t i o n  which r e s u l t e d  i n  a s e c o n d  s e a r c h  c y c l e ,  
Wi thou t  t h i s  r e a d i n g  t h e  a v e r a g e  t i m e  would have  b e e n  i n  l i n e  w i t h  
t h e  o ther  averages. 
The  h igh  r e a d i n g s  o n  H-code a c q u i s i t i o n  a t ' - 1 1 0  dbm were due  
p r i m a r i l y  to  a d i f f i c u l t y  of t r a n s p o n d e r  t o  a c q u i r e ,  r e s u l t i n g  i n  
o n e  or two v e r y  high r e a d i n g s .  For i n s t a n c e ,  a t  + D o p p l e r  a n d  -119 
dbm, s e v e n  of t h e  n i n e  r e a d i n g s  were. be tween  5.76 a n d  7.51 s e c o n d s ,  
w i t h  an  a v e r a g e  of a b o u t  6.5 s e c o n d s .  
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5-3 RANGE AND VELOCITY MEASUREMENTS 
Range a n d  v e l o c i t y  d a t a  v e r s u s  s i g n a l  s t r e n g t h  were re 'eorded 
u s i n g  t h e  m a g n e t i c  t a p e  recorder and  recorder i n t e r f a c e .  T h i r t y  
s e c o n d s  of d a t a  (120 r e a d i n g s )  f r d m  t h e  v e h i c l e  d a t a  r e a d o u t  
were t a k e n  a t  e a c h  test c o n d i t i o n :  from -70 dbm t o  t h r e s h o l d  
s i g n a l  levels and  w i t h  zero, p l u s ,  a n d  minus Dopp le r .  The com- 
p u t e r  was programmed t o  compute a n d  p r i n t  o u t  mean r a n g e  and  
v e l o c i t y  a l o n g  w i t h  s t a n d a r d  d e v i a t i o n s  a n d  90 p e r c e n t  c o n f i d e n c e  
i n t e r v a l .  For t h e  v e l o c i t y  measurements ,  the  vehicle equipment  
was s e t  up t o  u s e  w i t h  wideband s y n t h e s i z e r  ( p a r a .  3.3.2) i n  p l a c e  
of t h e  v e h i c l e  .XN s y n t h e s i z e r  l o o p  and  used  a n  e x t e r n a l  wideband 
s y n t h e s i z e r  loop a s  a s u b s t i t u t e  for t h e  veh ic l e  l o c a l  o s c i l l a t o r .  
. I n  a d d i t i o n ,  t h e  s t a n d a r d  v e l o c i t y  e x t r a c t o r  fo r  c h a n n e l  A was 
removed and  a s u b s t i t u t e  b r e a d b o a r d  u n i t  was i n s t a l l e d .  All chan-  
n e l s  were measured  u s i n g  t h e  b r e a d b o a r d  c h a n n e l  A e x t r a c t o r .  
These  s u b s t i t u t i o n s  p r o v i d e d  v e l o c i t y  measurements  h a v i n g  a minimum 
" j i t t e r "  or s t a n d a r d  d e v i a t i o n ,  and  a n  a c c e p t a b l y  low mean e r r o r .  
See d i s c u s s i o n  on  p rob lems  of v e l o c i t y  d a t a  i n  Appendix A-2 of 
t h i s  r e p o r t .  
5.3.1 T r a n s p o n d e r  T e s t s  
The t r a n s p o n d e r s  were tested by a t t e n u a t i n g  t h e  s i g n a l s  t o  t h e  
t r a n s p o n d e r s ,  The tests used  vehicle c h a n n e l  B receiver w i t h  s i g -  
f ia l  level h e l d  c o n s t a n t  a t  -80 dbm. 
5.3.1.1 Range Delay  Data  
Range d a t a  was t a k e n  a t  t h e  three c o n d i t i o n s  of Doppler  -- zero, 
p l u s ,  a n d  minus.  The l a t t e r  two we& set to  r e p r e s e n t  a v e l o c i t y  
of 12,000 m / s .  T h e . d a t a  o b t a i n e d  a r e  p r e s e n t e d  i n  T a b l e  V-4, a n d  
a r e a p l o t t e d  a g a i n s t  s i g n a l  level  i n  F i g u r e  5-2. The c u r v e s  show, 
t h a t  t h e  r a n g e  d a t a  a r e  w e l l  w i t h i n  t h e  d e s i g n  g o a l  of 50.5 meter 
for  a l l  veloci t ies ,  e x c e p t  a t  s i g n a l  levels  below a b o u t  115 dbm. 
The v e r t i c a l  d i s p l a c e m e n t  between zero Dopp le r  and  maximum 
Dopp le r  c u r v e s  r e p r e s e n t s  t h e  e r ror  due  t o  t h e  r a n g e  r e a d o u t  
clock (6.4" MHz) be ing  512 H z  of f  c e n t e r  f r e q u e n c y .  T h i s  error 
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was p r e d i c t e d  t o  be 0.234 meter. All c u r v e s  shown i n  t h i s  qec- 
t i o n  d e m o n s t r a t e  t h i s  effect .  The  a p p a r e n t  i n c r e a s e  of t h i g  error 
a t  low s i g n a l  levels is due to  t h e  i n c r e a s e d  s t a n d a r d  d e v i a t i o n .  
If t h e  number of r a c g e  d e l a y  s a m p l e s  were i n c r e a s e d ,  t h a t  is, if 
more d a t a  were t a k e n  a t  a g i v e n  p o i n t ,  t h i s  s p r e a d  s h o u l d  r e d u c e  
t o  the same error  shown a t  lower s i g n a l  levels .  
T h e  r a n g e  dela'y error i n c r e a s e s  a t  lower s i g n a l  levels  a r e  
c a u s e d  by c o h e r e n t  leakage of t h e  r e f e r e n c e  s i g n a l s  i n t o  t h e  r a n g e  
loop. T h i s  low-level l e a k a g e  o n l y  t akes  e f f ec t  a t  or n e a r  th reshk  
o l d .  Depend ing  on t h e  p h a s e  of t h e  l e a k a g e ,  t h e  r a n g e  d e l a y  c u r v e  
may b r e a k  e i the r  up or down. 
5.3.1.2 V e l o c i t y  Da ta  
The  v e l o c i t y  da t a  was, t a k e n  u n d e r  c o n d i t i o n s  of zero D o p p l e r  
o n l y  ( v e l o c i t y  = 0)  and  is p r e s e n t e d  i n  T a b l e  V-5. The  d a t a  is 
p l o t t e d  t o  show bo th  t h e  mean a n d  s t a n d a r d  d e v i a t i g n  i n  F i g u r e  
5-3. The s t a n d a r d  d e v i a t i o n  p r o v i d e s  a measure  of the  v e l o q i t y  
" j i t t e r"  which is d i s c u s s e d  i n  d e t a i l  i n  Appendix A-2,  
F i g u r e  5-3 i n d i c a t e s  a n  r m s  " j i t t e r"  of a b o u t  two c o u n t s  of 
v e l o c i t y  r e a d o u t .  The o n e  h i g h  p o i n t  on  T r a n s p o n d e r  No. 3 a t  
-120 dbm was due  t o  s e v e r a l  v e r y  bad  r e a d i n g s  which may h a v e  been  
c a u s e d  by a s h o r t  d r o p o u t .  T h i s  p o i n t  would n o r m a l l y  be e q u a l  t o  
or less t h a n  t h e  -123 dbm p o i n t .  
The  p l o t  of t h e  mean shows t h a t  a l l  p o i n t s  a r e  w e l l  w i t h i n  t h e  
design goal of 0.015 meter, except t h e  l a s t  p o i n t  of T r a n s p o n d e r  
N o .  2. The 90 p e r c e n t  c o n f i d e n c e  i n t e r v a l  a t  this p o i n t ,  however, 
is 0.0128 which i n d i c a t e s  t h a t  there is a 90% p r o b a b i l i t y  of t h i s  
p o i n t  b e i n g  l ess  t h a n  0.0128 meter, 
5.3.2 Vehicle  T e s t s  
The v e h i c l e  c h a n n e l s  were tested b y  a t t e n u a t i n g  t h e  s i g n a l s  t o  
t h e  vehicle equ ipmen t  while  m a i n t a i n i n g  a c o n s t a n t  s i g n a l  a t  t h e  
t r a n s p o n d e r  receiver. T r a n s p o n d e r  No. 2 was u s e d  f o r  t h e  v e l o c i t y  
tes ts  a n d  No.'s 1 a n d  3 for the  r a n g e  d a t a .  





8 .  
I -  -.._ . ." .", 

5 . 3 . 2 . 1  Range De lay  Data 
Range d a t a  was recorded a t  three c o n d i t i o n s  o f  D o p p l e r  -- zero, 
p o s i t i v e ,  a n d  n e g a t i v e .  T h e  l a t t e r  were t a k e n  w i t h  +512 H z  a t  
12.8 MHz, r e p r e s e n t i n g  a p p r o x i m a t e l y  12,000 meters p e r  s e c o n d  
v e l o c i t y ,  I n  a d d i t i o n ,  r e a d i n g s  were made a t  s i g n a l  levels from 
-70 dbm t o  t h r e s h o l d ,  about  -125 dbm, T h e s e  da t a  a r e  p r e s e n t e d  
i n  summarized form i n  T a b l e s  V-6 a n d  V-7 and  a r e  p l o t t e d  i n  Fig- 
u r e s  5-4 a n d  5-5. The d a t a  i n  a l l  p l o t s  f a l l  g e n e r a l l y  w i t h i n  
t h e  d e s i g n  goa l  of k0.5 meter w i t h  t h e  e x c e p t i o n  of r e a d i n g s  
t a k e n  n e a r  t h r e s h o l d  where c o h e r e n t  leakage c o n t r i b u t e s  a n o t i c e -  
a b l e  e f fec t .  C h a n n e l s  B a n d  D a r e  a p p r e c i a b l y  bet ter  i n  t h i s  . 
r e s p e c t .  
5-3 .2 .2  V e l o c i t y  Data - 
The v e l o c i t y  d a t a  was t a k e n  a t  t h e  zero v e l o c i t y  c o n d i t i o n  a t  
s i g n a l  levels from -70 dbm to  -120 dbm. The d a t a  is summar ized  
i n  T a b l e  V-8 a n d  is  p l o t t e d  i n  F i g u r e  5-6 t o  show both s t a n d a r d  
d e v i a t i o n  a n d  computed  mean. 
c l o s e l y  t h e  c u r v e  of T r a n s p o n d e r  N o .  2 g i v e n  i n  F i g u r e  5-3, T h e r e  
is l i t t l e  s i g n i f i c a n t  d i f f e r e n c e  be tween  t h e  f o u r  c h a n n e l s .  The  
mean shows t h a t  a l l  measu red  p o i n t s  a r e  w i t h i n  t h e  d e s i g n  g o a l  
of -0.015 m e t e r / s e c o n d .  
The  s t a n d a r d  d e v i a t i o n s  follow v e r y  
5.3.3 Sys tem T e s t s  
T h e s e  tests were c o n d u c t e d  by  a t t e n u a t i n g  t h e  s i g n a l  i n  b o t h  
Measurements  were made a t  s i g n a l  l e v e l s  be tween  -70 dbm 
d i r a c t i o n s  s u c h  t h a t  t h e  received s i g n a l  a t  each t e r m i n a l  was 
e q u a l ,  
a n d  t h r e s h o l d  and were made a t  zero Doppler  c o n d i t i o n  o n l y ,  
Range d e l a y  was m e a s u r e d  u s i n g  v e h i c l e  c h a n n e l  B receiver w i t h  
each of t h e  t r a n s p o n d e r s .  The d a t a  is summarized i n  Table  V-9 
and  is p l o t t e d  i n  F i g u r e  5-7. T h e s e  c u r v e s  t u r n  o u t  to be s i m p l y  
a composite o f  F i g u r e s  5-2 a n d  5 - 4 / 5 4 .  S i n c e  t h e  c h a r a c t e r i s t i c  
of c h a n n e l  B ( F i g u r e  5-4/5-5) b r e a k s  down a t  low s i g n a l  l e v e l ,  t h e  
o p e r a t i o n  w i t h  t r a n s p o n d e r s  1 and  3 which a r e  a l s o  down-breaking 
( F i g u r e  5-2) r e s u l t s  i n  a c o m p o s i t e  'which is down-breaking.  
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C o n v e r s e l y ,  T r a n s p o n d e r  No .  2 b r e a k s  upward a t  low s i g n a l  l eve l ,  
r e s u l t i n g  i n  a c o m p o s i t e  which is n e a r l y  f l a t .  O v e r a l l ,  t h e  re- 
s u l t s  p l o t t e d  i n  F i g u r e  5-7 show t h a t  a l l  r e a d i n g s  a r e  w i t h i n  t h e  
d e s i g n  g o a l  of k0.5 meter, except t h e  low -125 dbm r e a d i n g  o n  
Transp .onde r  No, 1. 
The v e l o c i t y  d a t a  p r e s e n t e d  i n  T a b l e  V-10 a n d  p l o t t e d  i n  F i g u r e  
5-8 a p p e a r  t o  be a d u p l i c a t i o n  of t h e  p l o t s  of F i g u r e  5-6. T h i s  
l e a d s  t o  t h e  c o n c l u s i o n  t h a t  s i g n a l  l e v e l  is of v e r y  l i t t l e  s i g -  
n i f j c a n c e  i n  t h e  v e l o c i t y  measurement  mechanism s o  l o n g  a s  a s o l i d  
s y s t e m  lock  is m a i n t a i n e d .  
5.4 TRACKING CHARACTERISTICS 
The p u r p o s e  of these tes t s  was t o  d e m o n s t r a t e  t h e  sys t em t rack-  
i n g  c h a r a c t e r i s t i c s  u n d e r  dynamic c o n d i t i o n s  -- zero to  maximum 
v e l o c i t y  a n d  maximum a c c e l e r a t i o n .  The  wideband s y n t h e s i z e r  ( p a r a .  . . 
3 .3 ,2 )  was u s e d .  T h i s  was d r i v e n  by a low f r e q u e n c y  t r i a n g u l a r  
wave g e n e r a t o r  t o  p r o d u c e  a n  S-band f r e q u e n c y  v a r y i n g  by  289 kHz ' 
( a t  2214 MHz) over  a 30-second p e r i o d .  T h i s  m o d u l a t i o n  s i m u l a t e d .  
a v e l o c i t y  v a r y i n g  from 6000 meters/sec t o  -6000 meters/sec a n d  
a n  a c c e l e r a t i o n  of 400 meters/sec/sec, T h i s  is t h e  maximum a c c e l -  
e r a t i o n  expected i n  t h e  AROD s y s t e m .  
D u r i n g  t h e  t e s t ,  t he  c a r r i e r  t r a c k i n g  l o o p  s t a t i c  p h a s e  error  
was mon i to red  t o  observe a n y  t e n d e n c y  f o r  t h e  l o o p  t o  un lock .  The 
loop  r e m a i n e d  s t a b l e o  t h r o u g h o u t  the tests. F i g u r e  5-9 d e m o n s t r a t e s  
t h e  loop  s t a b i l i t y .  The lower t r a c e  of t h i s  o s c i l l o g r a m  repre- 
s en t s  t h e  f r e q u e n c y  c h a n g e  of t h e  S-band t r a n s m i t t e r .  I t  is 
a c t u a l l y  t h e  t r i a n g u l a r  wave o f  v o l t a g e  a p p l i e d  to t h e  t r a n s m i t t e r  
VCO. The u p p e r  t race  is t h e  v o l t a g e  a p p e a r i n g  a t  the c a r r i e r  
loop dynamic p h a s e  e r r o r  p o i n t .  T h i s  i n d i c a t e s  no  t e z d e n c y  to 
become un locked .  
A p p r o x i m a t e l y  t e n  m i n u t e s  of r a n g e  d a t a  was t a k e n  d u r i n g  these 
tests a n d  t h e  r e s u l t s ,  u s e d  t o  compute t h e  a u t o - c o r r e l a t i o n  f u n c -  
t i o n  of r a n g e .  The r e s u l t i n g  d a t a  were u s e d  to  compute  t h e  p e a k  
























F i g u r e  5-9. C a r r i e r  Loop T r a c k i n g  C h a r a c t e r i s t i c s  
f a c t o r  of f o u r  t i m e s  t h a t  e x p e c t e d  from p r e v i o u s  c a l c u l a t i o n s .  
The r e s u l t s  a r e  c l o u d e d ,  however, by the  error r e s u l t i n g  from t h e  
v e l o c i t y ,  and  a r e  f e l t  t o  be  r e a s o n a b l e  u n d e r  t h e  c o n d i t i o n s  of 
the t es t .  The  r e s u l t s  would have  been  more p r e c i s e  i f  t h e  maximum 
a c c e l e r a t i o n  c o u l d  have  b e e n  a p p l i e d  w i t h  zero v e l o c i t y ,  a s  would 
be t h e  c a s e  i n  t h e  f i e l d .  T h i s  was n o t  p o s s i b l e  i n  t h e  l a b o r a t o r y .  
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SECTION VI 
6 .  MULTICHANNEL TESTS 
M u l t i c h a n n e l  tes ts  were c o n d u c t e d  to d e t e r m i n e  t h e .  degree of 
0 
d a t a  d e g r a d a t i o n  w i t h  a d j a c e n t  c h a n n e l s  i n  o p e r a t i o n .  T e s t s  were 
conduc ted  w i t h  o n e ,  two, a n d  three i n t e r f e r i n g  s i g n a l &  both w i t h  
and  w i t h o u t  Doppler .  
6 .1  SIGNAL LEVEL EFFECTS 
T e s t s  were c o n d u c t e d  w i t h  s i g n a l  l eve l  v a r i a t i o n s  from -80 dbm 
t o  t h r e s h o l d .  Data  r e a d o u t s  were t a k e n  on  both r a n g e , a n d  v e l o c i t y .  
The  v e l o c i t y  da t a  u t i l i z e d  the r e v i s e d  c i r c u i t r y  described i n  
p a r a g r a p h  5.3, The  t es t  c h a n n e l  for both r a n g e  a n d  v e l o c i t y  d a t a  
u t i l i z e d  common p a t h  a t t e n u a t i o n :  t h a t  is, both t e r m i n a l s  were 
a d j u s t e d  t o  t h e  same s i g n a l  l e v e l ,  
6.1.1 Sys tem Range D e l a y  T e s t s  
The two-channel  tes ts  were c o n d u c t e d  w i t h  c h a n n e l  A locked t o  
t h e  c h e c k o u t  equ ipmen t  a t  a s i g n a l  l eve l  of -80 dbm a n d  w i t h  +10 
H z  of D o p p l e r  a t  12.8 MHz ( a  v e l o c i t y  df a b o u t  120 m/s).  Range 
d a t a  was t a k e n  w i t h  c h a n n e l  B v e h i c l e  receiver a n d  No,. 3 t r a n s -  
p o n d e r ,  and  was r e p e a t e d  u s i n g  c h a n n e l  C a n d  ID v e h i c l e  receivers. 
A summary of t h i s  r a n g e  d a t a  is p r e s e n t e d  i n  T a b l e  V I - 1 .  The 
t h r e s h o l d  of -105 dbm i s  t y p i c a l  w i t h  s t r o n g  s i g n a l  a d j a c e n t  c h a n -  
n e l  occupancy  (see p a r a .  4.3.2 a n d  4.3.3). The r a n g e  d a t a  for nll 
three 2 - c h a n n e l  tes ts  is p l o t t e d  An F i g u r e  6-1. The c u r v e s  i n -  
d i c a t e  t h a t  t h e  c o h e r e n t  leakage e f f ec t  d i s c u s s e d  i n  p a r a . #  5.3.2.1 
c o n t r i b u t e s  v e r y  l i t t l e ,  s i n c e  t he  th re sho ld  here is much h igher .  
All d a t a  p o i n t s  a r e  w i t h i n  k0.25 meter wi th  c h a n n e l s  B a n d  C 
showing a much s m a l l e r  s p r e a d .  
Range d a t a  w i t h  i n t e r f e r e n c e  from two a n d  three c h a n n e l s  were 
o b t a i n e d  wi th  three a d d i t i o n a l  tests of c h a n n e l  l3 - T r a n s p o n d e r  
No. 3: 
1. With i n t e r f e r e n c e  f r o m  c h e c k o u t  c h a n n e l s  A a n d  C. 
C h a n n e l  A :  -80 dbm, +120 m / s  v e l o c i t y  
Channe l  C: -80 dbm, -120 m / s  v e l o c i t y  I 
. .  
2. With  i n t e r f e r e n c e  from c h e c k o u t  c h a n n e l  A a n d  T r a n s p o n d e r  . 
No. 2 o n  c h a n n e l  C. 
C h a n n e l  A :  -80 dbm, -17120 m / s  v e l o c i t y  
Channe l  C: -80 dbm, 0 v e l o c i t y  
3. With i n t e r f e r e n c e  from c h e c k o u t  c h a n n e l s  A a n d  C and  
T r a n s p o n d e r  No. 2 o n  c h a n n e l  D. 
C h a n n e l  A :  -80 dbm, +120 m / s  v e l o c i t y  
Channe l  C: -80 dbm, -120 m / s  v e l o c i t y  
Channe l  D: -80 dbm, 0 v e l o c i t y  
, 
The r e s u l t s  of these tes t s  a r e  summar ized  i n  T q b l e  VI-2. The 
d a t a  a r e  p l o t t e d  o n  F i g u r e  6-2, w i t h  a somewhat expanded  sca le .  
All three c u r v e s  f a l l  w i t h i n  a 50.5 meter r a n g e ,  
6.1.2 Sys tem V e l o c i t y  T e s t s  
The s y s t e m  v e l o c i t y  tests u n d e r  m u l t i c h a n n e l  c o n d i t i o n s  c o n s i s t e d  
of m e a s u r i n g  t h e  v e l o c i t y  o n  vehicle c h a n n e l  B a n d  T r a n s p o n d e r  No, 
2 w i t h  i n t e r f e r e n c e  a s  fol lows:  
T e s t  1. C h a n n e l  A on c h e c k o u t  'equipment  a t  -80 dbm 
T e s t  2. Channe l  A a n d  C on c h e c k o u t  e q u i p m e n t  a t  -80 dbm 
T e s t  3. C h a n n e l  A a n d  C o n  c h e c k o u t  equ ipmen t  a t  -80 dbm a n d  
' c h a n n e l  D l o c k e d  t o  T r a n s p o n d e r  No. 3 a t  -80 dbm. 
The d a t a  was t a k e n  on  c h a n n e l  B a t  s i g n a l  levels of -80 dbm t o  
t h r e s h o l d  a n d  is summar ized  i n  T a b l e  VI-3. Plo t s  of the v e l o c i t y  
mean a n d  s t a n d a r d  d e v i a t i o n  a r e  g i v e n  i n  F i g u r e  6-3. I t  c a n  be 
c o n c l u d e d  from t h e  c u r v e s  t h a t  t h e  3 -channe l  i n t e r f e r e n c e  c a s e  
p r o d u c e s  more f l u c t u a t i n g  p l o t s  a n d  t h e  s i n g l e  c h a n n e l  i n t e r f e r -  
e n c e  case p r o d u c e s  more s t a b l e  plots. T h i s  is as might be 
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A l l .  p o i n t s  o f  t h e  mean p l o t s  a r e  w i t h i n  t h e  d e s i g n  g o a l  of 
0,015 m / s .  
6 . 2  DOPPLER EFFECTS 
:The  effect  on r a n g e  d e l a y  of a n  i n t e r f e r i n g  c h a n n e l  a s  a f u n c -  
t i o n  of D o p p l e r  ( v e l o c i t y )  was i n v e s t i g a t e d  b y  making i d e n t i c a l  
tests w i t h  a n d  w i t h o u t  D o p p l e r ,  Channe l  B veh ic l e  receiver was 
l o c k e d  t o  T r a n s p o n d e r  No, 3 a n d  t e s t ed  from a s i g n a l  l eve l  of -80 
dbm to  t h r e s h o l d  w h i l e  t h e  c h a n n e l  A receiver was l o c k e d  to t h e  
checkout  e q u i p m e n t  a t  zero Dopp le r .  T h e  test  was t h e n  r e p e a t e d  
w i t h  f u l l  D o p p l e r  (12,000 m / s  v e l o c i t y )  -- p o s i t i v e  on c h a n n e l  A 
and n e g a t i v e  on  c h a n n e l  B, A d a t a  summary is p r e s e n t e d  i n  T a b l e  
VI-4 w i t h  a g r e a t l y  expanded  r a n g e  d e l a y  p l o t  i n  F i g u r e  6-4. 
The e f f e c t  of D o p p l e r  i n  t h i s  c a s e  is e s s e n t i a l l y  n e g l i g i b l e .  An 
a p p r e c i a b l e  d i f f e r e n c e  (0.25 m e t e r )  is o b t a i n e d  o n l y  n e a r  
t h r e s h o l d .  
6 . 3  BIT ERROR RATE TESTS 
B i t  e r ror  r a t e  t e s t s  were p e r f o r m e d  t o  o b t a i n  da'ta o n  t h e  
p r o b a b i l i t y  of making  e r rors  i n  t h e  S-Band T r a n s p o n d e r - t o - v e h i c l e  
d a t a  l i n k ,  T e s t s  wege c o n d u c t e d  v e r s u s  s i g n a l  l e v e l  f o r  a l l  
veh ic le  c h a n n e l s  a c q u i r e d  i n  bo th  V-2 a n d  V-4, u s i n g  c h e c k o u t  
equ ipmen t  a n d  t h e n  r e p e a t e d  i n  s t a t e  V-4 w i t h  T r a n s p o n d e r  No.  3. 
The c h e c k o u t  e q u i p m e n t  was u s e d  t o  p e r m i t  a c q u i r i n g  i n  V-2 s t a t e  
d n d  t o  p e r m i t  t h e  s i g n a l  l eve ls  t o  be c o n t r o l l e d  more p r e c i s e l y .  
F u r t h e r  tes ts  were c o n d u c t e d  on  c h a n n e l  B receiver/No. 3 t r a n s -  
p o n d e r  w i t h  a jamming s i g n a l  a c q u i r e d  o n  c h a n n e l  A receiver both 
w i t h  a n d  w i t h o u t  D o p p l e r  i n f l u e n c e ,  
6.3.1 S i n g l e  Channe l  T e s t s  
B i t  error d a t a  was t a k e n  by  c o m p a r i n g  t h e  S-band u p - l i n k  d a t a  
f r o m  t h e  t r a n s p o n d e r  (or ' c h e c k o u t )  b e f o r e  t r a n s m i s s i o n  to  t h e  
demodu la t ed  u p - l i n k  d a t a  a t  t h e  vehicle,  Errors weye a c c u m u l a t e d  
f o r  a s u f f i c i e n t  amount  of t i m e  t o  p r o v i d e  a s i g n i f i c a n t  number of 
errors. The  t i m e  p e r i o d  m i g h t  b e  f a i r l y  s h o r t  (100 sec) n e a r  
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levels were c a l i b r a t e d  w i t h  g rea t  c a r e  a n d  a r e  f e l t  t o  be w i t h i n  
k0.5 d b  f o r  t h e  t es t s  wi th  t h e  c h e c k o u t  e q u i p m e n t  a n d  w i t h i n  k1.0 
db f o r  tes ts  w i t h  t h e  t r a n s p o n d e r .  . 
T e s t s  were first .made w i t h  t h e  c h e c k o u t  e q u i p m e n t ,  which  p e r -  
m i t t e d  s t o p p i n g  t h e  a c q u i s i t i o n  s e q u e n c e  i n  s t a t e  V-2. F i g u r e  
6-5 p r e s e n t s  t h e  first series of d a t a  showing  t h e  r e s u l t s  of t h e  
c h e c k o u t  equ ipmen t  tes ts  of c h a n n e l s  A a n d  B. The  c a l c u l a t e d  V-4 
c u r v e  is computed a s  follows: 
- KTB n o i s e  
n o i s e  f i g u r e  
-174 dbm/Hz. 
8.3 d b  
-165.7 dbm/Hz 
Bandwidth  
8 L-code p e r i o d s  x 1/2 for t i m e  s h a r i n g  = 
. 51i, 8 X - - r  1590 Hz 6 2 6 .4  x 10 
0 
o r  32.0 db  32.0 d b  
For a p r o b a b i l i t y  of error of from t h e  
s t a n d a r d  error  f u n c t i o n  c u r v e ,  a s i g n a l - t o -  
n o i s e  r a t i o  of 6.8 d b  is r e q u i r e d .  
-133.7 dbm 
6.8 db  
-126.9 dbm 
Thus  
c u r v e  of F i g u r e  6-5. 
a n d  -126.9 db  r e p r e s e n t  o n e  p o i n t  o n  t h e  c a l c u l a t e d  
The d a t a  f o r  c h a n n e 1 s . A  a n d  B i n  V-4 a g r e e  q u i t e  w e l l  w i t h  t h e  
c a l c u l a t e d  c u r v e .  Channe l  A is a b o u t  1 d b  o f f  a t  tPle worst p o i n t  
and  c h a n n e l  B is c o n s i s t e n t l y  w i t h i n  1/2 d b  of t h e o r e t i c a l .  
The c u r v e s  f o r  V-2 s h o u l d  be 3 ’ d b  h i g h e r  t h a n  t h e  c u r v e s  f o r  
V-4 ,  s i n c e  there is no t i m e  s h a r i n g  be tween r a n g e  l o o p  and  c a r r i e r  
l o o p  i n  t h e  V-2 s t a t e .  (The 1/2 f a c t o r  i n  t h e  b a n d w i d t h  e q u a t i o n  
above  d o e s  n o t  a p p l y  i n  V-2.)  The d a t a  shows t h a t  c h a n n e l  A is 
3.5 d b  h ighe r  i n  V-2 and  c h a n n e l  B is 2.5 d b  h i g h e r ,  T h i s  error 
r e p r e s e n t s  j u s t  a b o u t  o u r  measurement  a c c u r a c y .  
6 -ii 
5 1  . o  
F i g u r e  6-6 p r e s e n t s  t h e  same d a t a  fo r  c h a n n e l s  C a n d  D. Here, 3 i 
Y 
t he  f i r s t  r u n  i n  V-4 i n d i c a t e d  a n  o b v i o u s  f a u l t  i n  t h e  c h a n n e l  C 
receiver. T h i s  f a u l t  was i s o l a t e d  t o  o n e  of two cordwood modules  -- 
t he  s e c o n d  mixer a n d  t h e  b a l a n c e d  d e m o d u l a t o r .  B o t h  of t h e  modules  
were f o u n d  to  have b e e n  below norma l  i n  o r i g i n a l  t e s t ,  b u t  had  
b e e n  a c c e p t e d  f o r  f r a m e  as sembly .  Both of t h e  modules  were re- 
p l a c e d ,  a n d  t h e  tes ts  r e - r u n  t o  p r o d u c e  t he  s e c o n d  v-4 c h a n n e l  C 
c u r v e .  The  a g r e e m e n t  of both c h a n n e l s  is q u i t e  good, a l t h o u g h  
c h a n n e l  D a p p e a r s  t o  be a b i t  low. 
Tests wi th  T r a n s p o n d e r  N o ,  3 b e a r  o u t  t h e  r e s u l t s  w i t h  t h e  
c h e c k o u t  e q u i p m e n t .  F i g u r e  6-7 shows t h e  r e s u l t s  of a l l  f o u r  re- 
ceiver c h a n n e l s  w i t h  T r a n s p o n d e r  No.  3. The c a l c u l a t e d  c u r v e s  a r e  
r e p e a t e d  f o r  e a c h  c h a n n e l  for  c l a r i t y  w i t h  t h e  c h a n n e l  d a t a  p l o t t e d  
a l o n g s i d e .  All c h a n n e l s  a r e  w i t h i n  1 db of t h e o r e t i c a l ,  e x c e p t  
f o r  c h a n n e l  D which d ive rges  t o  a b o u t  2 db a t  t h re sho ld .  I n  gen-  
e r a l ,  t h e  receivers a r e  f e l t  t o  be o p e r a t i n g  v e r y  n e a r  t he  theo- 
r e t i c a l  p r e d i c t i o n .  
6.3.2 Two-Channel T e s t s  
T e s t s  were made t o  show error p r o b a b i l i t y  w i t h  a d j a c e n t  chan-  
n e l  i n t e r f e r e n c e .  While  t h e  d a t a ,  a s  p l o t t e d  i n  F i g u r e  6-8 a r e  
n o t  a b s o l u t e ,  t h e y  i n d i c a t e  co -channe l  i n t e r f e r e n c e  t h r e s h o l d s  
e s s e n t i a l l y  i n  a g r e e m e n t  w i t h  t he  d a t a  of S e c t i o n  IV. The c a l c u -  




2 The t es t s  were r e p e a t e d  w i t h  a v e l o c i t y  on b o t h t c h a n n e l  A a n d  
J 
3 c h a n n e l  B a n e g a t i v e  v e l o c i t y .  T h i s ,  i n  e f f e c t ,  makes c h a n n e l  A 
B of 6000 m / s .  C h a n n e l  A was g i v e n  a p o s i t i v e  v e l o c i t y  a n d  
f r e q u e n c y  h igh  a n d  c h a n n e l  B f r e q u e n c y  low so t h a t  the c h a n n e l  
s e p a r a t i o n  is o n l y  a b o u t  240 kHz i n s t e a d  of 400 kHz. The  r e s u l t i n g  
i n c r e a s e  i n  e f f e c t i v e  jamming r e d u c e s  the  s i g n a l  marg in  by a b o u t  
3 db. . 









SECTION V I 1  
7. ENVIRONMENTAL TESTS 
7. i TEMPERATURE TESTS OF STATION CONTROL TRANSMITTER 
T e m p e r a t u r e  t es t s  of t h e  s t a t i o n  c o n t r o l  t r a n s m i c t t e r  were made 
t o  d e t e r m i n e  power o u t p u t  d e g r a d a t i o n  w i t h  t e m p e r a t u r e .  The  d a t a  
o b t a i n e d  is  g i v e n  i n  T a b l e  V I I - 1  and  VII-2. F i g u r e  7-1 is a p l o t  
o f  t h i s  d a t a .  The i n f l u e n c e  o f  a vacuum on  t h e  t r a n s f e r  of h e a t  
f rom t h e  u n i t  is p r e s e n t e d  i n  F i g u r e  7-2. D u r i n g  t h i s  t e s t ,  t h e  
t r a n s m i t t e r  was o p e r a t e d  a t  f u l l  power o u t p u t  w h i l e  i ts tempera -  
t u r e  i n c r e a s e d .  A s  t h e  a m b i e n t  p r e s s u r e  dec r . eased ,  h e a t  l o s s  due  
t o  c o n v e c t i o n  was e l i m i n a t e d  a n d  a r a p i d  h e a t  rise o c c u r r e d  i n  t h e  
package .  T h i s  test  i n d i c a t e s  t h e  n e e d  f o r  a p o s s i b l e  r e d e s i g n  of 
t h e  t r a n s m i t t e r  f r a m e  to  i n c r e a s e  h e a t  c o n d u c t i o n  t o  t h e  ‘ b a s e p l a t e .  
TABLE V I I - 1 .  VHF T r a n s m i t t e r  Vacuum T e s t  (Wi thout  H e a t  S i n k )  
T o t a l  
E l a p s e d  
T e s t  Time 













Press u r  e 






1 x 10’2 
1 x 10-3 
5 
2.4 x low6 
2.4 x 
2.4 x 
2.2 x 10-6 
 output Power 
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S u p p l y  














TABLE VII-2. VHF T r a n s m i t t e r  Vacuum T e s t  (Wi th  H e a t  S i n k )  
T o t a l  
E l a p s e d  
T e s t  Time 


























2.5 x 10-1 
, 2.0 x 10-2 
4 x 10-6 
4 x 10-6 
.2,7 x 10-6 
2 , x 10-6 
2 x 10-6 





7,2 VACUUM TESTS 
O u t p u t  Power 
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S u p p l y  



















The p u r p o s e  of t h e  vacuum tests was t o  e v a l u a t e  p o r t i o n s  of 
t h e  vehic le  e q u i p m e n t  u n d e r  c o n d i t i o n s  of s i m u l a t e d  h igh  a l t i t u d e  
to  d e t e r m i n  e o p e ra  t i o  na 1 po ss i b i 1 i t i B  s w i t h o u  t p res s u r i za t io  n . 
T h r e e  a s s e m b l i e s  were t e s t e d  -- t h e  s t a t i o n  t r n c k i n g  t r n n s m i t t e r ,  
the s t a t i o n  c o n t r o l  j e ce ive r ,  a n d  one  t r a c k i n g  receiver. 
7.2.1 S t a t i o n  C o n t r o l  T r a n s m i t t e r  
Whi le  p r e l i m i n a r y  tes ts  i n d i c a t e d  t h a t  t h e  s t a t i o n  c o n t r o l  t r a n s -  
mi t t e r  would o p e r a t e  for e x t e n d e d  p e r i o d s  a t  a t m o s p h e r i c  p r e s s u r e  
w i t h o u t  a d d i t i o n a l  h e a t  s i n k i n g ,  o p e r a t i o n  i n  the vacuum chamber 





hea t  s i n k  was a s s e m b l e d ,  a s e c o n d  vacuum tes t  r u n  was hade .  N o  
c o r o n a  effec.ts were n o t e d  a t  a n y  p r e s s u r e ,  H o w e v e r ,  a n y  vacuum 
ef fec ts  on  power ou ' tpu t  were mas'ked due  t o  t h e . t e m p e r a t u r e  r i s e  
of t h e  t r a n s m i t t e r ,  S u b s e q u e n t l y ,  a t h i r d  r u n  was made i n  which 
power was a p p l i e d  a n d  r e a d i n g s  t a k e n ,  a t  d iscrete  i n t e r v a l s ,  t h u s  
m a i n t a i n i n g  t h e  t r a n s m i t t e r  t e m p e r a t u r e  a t  a p p r o x i m a t e l y  25OC. 
The t e s t  d a t a  is g i v e n  i n  T a b l e  VII-3, No d e g r a d i n g  e f fec ts  were 
n o t e d  w h a t s o e v e r  i n  e i ther  power o u t p u t  or s p e c t r u m  s h a p e  d u r i n g  
t h e  vacuum r u n .  
7.2.2 Vehic le  T r a c k i n g  T r a n s m i t t e r  
The  vehicle t r a c k i n g  t r a n s m i t t e r ,  tested u n d e r  t h e  same c o n d i -  
t i o n s  a s  t h e  s t a t i o n  c o n t r o l  t r a n s m i t t e r ,  showed a v e r y  minor  
d e c r e a s e  i n  power o u t p u t  a t  t h e  h igher  vacuums. T h i s  was most 
l i k e l y  due  t o  a s l i g h t  d e t u n i n g  effect .  The  o v e r a l l  e f f e c t s  of 
vacuum, f e l t  t o  be n e a r l y  i n s i g n i f i c a n t ,  a r e  g i v e n  i n  T a b l e  VII-4. 
The test s e t u p  u s e d  f o r  bo th  t r a n s m i t t e r s  i s  shown i n  F i g u r e  7-3, 
The vacuum tes t  on  t h e  S-band d i p l e x e r  ( b r e a d b o a r d )  was c a r r i e d  
o u t  s e p a r a t e l y  from t h e  t r a n s m i t t e r  u s i n g  a CW s i g n a l  w i t h  the  
hookup shown i n  F i g u r e  7-4, The r e s u l t s  of t h e  t e s t  a r e  summarized 
i n  T a b l e  V I I - 5 .  The u n i t  a p p a r e n t l y  f a i l s  d u e  t o  c o r o n a ,  p a r t i a l  
s h o r t i n g ,  or d e t u n i n g ,  over  t h e  m i d d l e  p o r t i o n  of t h e  vacuum r a n g e .  
A t  p r e s s u r e s  below 200 m i c r o n s ,  t h e  e f fec t  is n o t  s e l f - s u s t a i n i n g ;  
t h a t  i s ,  i f  t h e  s i g n a l  is removed a n d  t h e n  r e a p p l i e d ,  o p e r a t i o n  is 
normal .  The  t es t  c o u l d  be r e p e a t e d  a t  w i l l ,  i n d i c a t i n g  t h a t  no  
pe rmanen t  damage was i n f l i c t e d  upon the d ip l exe r ,  A p l o t  of the 
o u t p u t  power v e r s u s  p r e s s u r e  i s  g i v e n  i n  F i g u r e  7-5, 
1 7.2.3 Vehic l e  T r a c k i n g  R e c e i v e r  
The c h a n n e l  C receiver ( C a r r i e r  T r a c k i n g  Loop,  M o d u l a t i o n  
T r a c k i n g  Loop,  a n d  Code C o n t r o l  f r a m e s )  was tes ted i n  t h e  vacuum 
chamber u t i l i z i n g  b r e a d b o a r d  components  a s  shown i n  F i g u r e  7-6. 
T e s t s  were c o n d u c t e d  a t  a tmospheric  p r e s s u r e  a n d  a t  10-6 mm of 
mercury  for a c q u i s i t i o n  a n d  t r a c k i n g  t h r e s h o l d s ,  a c q u i s i t i o n  
t imes,  and  c a r r i e r  loop  a n d  t r a n s f e r  loop SPE. The d a t a  taken 
7 -5 
Chamber P r e s s u r e  
mm Hg 
2.5 x 10-1 
1 x 10-2 
1 10-3 
1 x 10-4 
0.2 
760 
U n i t  
T e m p e r a t u r e  O u t p u t  Power 
W a t t s  dbm OC 
5.7 +37 , 6 27 
5.7 +37.6 27 
5 .'7 +37.6 28 
5.7 -1-37.6 29 
5.7 +37. G 30 
5.7 ' +37,6 29 
TABLE V I I - 4 .  S-Band T r a n s m i t t e r  Vacuum T e s t  Da ta  ( w i t h o u t  TWTA) 
C a r r i e r  Null1 
db 
I I 
U n i t  
T e m p e r a t u r e  
OC 
Chamber Pressure O u t p u t  Power 1 dbm 
1 
Chamber P r e s s u r e  
mm Hg 
760 
0.8 x 10-3 . 
0-5 x 10-3 
0.2 x 10-3 
760 
2-5 x 10-1 
1 x 10-2 
I 10-3 
1 10-4 
0-2 x 10-5 
Power O u t p u t  
dbm 
+36.3 
















I '  
* I  
1 
"i 
) !  
j 
'I * 1 
r , i  
7 -6 
TABLE V I I - 5 . .  Diplexer Vacuum T e s t  Data ( c o n t )  




1 x 10-4 
-0.7 x 10-4 
0.5 x 10-4 
3 x 10-6 
2 .5  x lom6 
1 x 10-5 






+36 . 3, 
L-Co de Acq . 
H-Code Acq. 
L-Code Track 
H-Code Track  












P r e s s u r e  
--129 dbm 
-1 26 dbm 
-132 dbm 
-129 dbm 
1.75 Sec,  
1 .60 Sec. 
1.33 Sec. 
1.56 Sec,  
1.28 Sec.  
0.20 Sec.  
0.20 Sec. 
0.22 Sec. 
0.16 Sec ,  
10-6 mm ~g 
Chamber P r e s s  u r e  
-128 dbm 
-126 dbm 
-1 32 dbm 
-129 dbrn 
1.96 Sec.  





0.15 Sec,  
0.38 Sec. 
0.16 Sec.  
7 37 
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SECTION VI11 
8. LONG TERM EFFECTS 
I n  o r d e r  t o  d e t e r m i n e  w h e t h e r  t h e  more c r i t i c a l  c h a r a ‘ c t e r -  
is’tics o f f t h e  AROD s y s t e m  were s u b j e c t  t o  d r i f t  a s  a r e s u l t  of 
a g i n g ,  measurements  of s e l e c t e d  p a r a m e t e r s  were r e p e a t e d  a t  
a p p r o x i m a t e l y  one-month i n t e r v a l s  over t h e  6-month c o u r s e  o f  
t h e  T e s t  a n d  E v a l u a t i o n  program. T h e s e  p a r a m e t e r s  were, f o r  
t h e  v e h i c l e  equ ipmen t  : 
1. S-band t r a n s m i t t e r  power 
2. VHF t r a n s m i t t e r  power 
3 .  A c q u i s i t i o n  a n d  t r a c k i n g  t h r e s h o l d s  
4. V e h i c l e  r a n g e  d e l a y  
5 .  M a s t e r  o s c i l l a t o r  f r e q u e n c y  
a n d  f o r  t h e  t r a n s p o n d e r  equ ipmen t s :  
1, T r a n s m i t t e r  power o u t p u t s  
2. VHF receiver t h r e s h o l d s  
3 .  S-band receiver t h r e s h o l d s  
4. M a s t e r  o s c i l l a t o r  f r e q u e n c i e s  
8 . 1 VEHICLE SUBSYSTEM 
8.1.1 S-Band T r a n s m i t t e r  
The S-band t r a n s m i t t e r  power o u t p u t  measured  w i t h o u t  TWTA, 
showed a g r a d u a l  d e c l i n e  o f  0.3 dbm d u r i n g  the p rogram,  t h e  
o r i g i n a l  o u t p u t  of +8.1 dbm dropped  to  -1-7.8 dbni. T h i s  s t i i n l l  
d e c l i n e  would be c o m p l e t e l y  e l i m i n a t e d  by  t h e  l i m i t i n g  a c t i o n  
of t h e  TWTA. N o  d i s c e r n a b l e  c h a n g e  i n  the  o u t p u t  s p e c t r u m  
s h a p e  was o b s e r v e d .  
8 . 2 . 2  VHF T r a n s m i t t e r  
The VEIF t r a n s m i t t e r  p e r f o r m e d  w i t h o u t  i n c i d e n t  d u r i n g  t h e  tes t  
program. The power o u t p u t  r e a d i n g s  showed a minimum of  +37.5 dbm 
a n d  a maximum o f  +37.7 dbm. T h i s  is s o  s m a l l  a d i f f e r e n c e  t h a t  i t  
c o u l d  be e n t i r e l y  i n  t h e  i n s t r u m e n t a t i o n .  
8-1 
8.1,3 A c q u i s i t i o n  T h r e s h o l d s  
r I 
L-Code 
A c q u i s i t i o n  
Channe l  T h r e s h 0  I d  
A -130 dbm 
B -129 dbm 
C -131 dbm 
D -131 dbm 
The i n i t i a l  a c q u i s i t i o n  thresholcs of -129 k1, dbm i n  L-coca 
a n d  -126, kl, dbm i n  H-code were h e l d  w i t h o u t  problem t h r o u g h  t h e  
first 3 month ly  d r i f t  measurements . '  After these measurements  were 
made, t h e  d e m o d u l a t o r s  were d e s e n s i t i z e d  b y  2 t o  4 db, i n . a n  e f f o r t  
to  r e d u c e  t h e  a c q u i s i t i o n  of code s p u r s ,  T h i s  was l a t e r  d i s c o v e r e d  
t o  be a n  e r r o n e o u s  p r o c e d u r e ,  T h e ' r a n g e  l o o p  of each receiver was 
t h e n  c o r r e c t l y  r e a l i g n e d ,  r e s u l t i n g  i n  t h e  r e s t o r a t i o n  of t h r e s h -  
o l d s  t o  t h e  p r e v i o u s  levels a l o n g  w i t h  good s p u r  r e j e c t i o n .  The 
f i n a l  a c q u i s i t i o n  a n d  t r a c k i n g  th re sho lds  a r e  p r e s e n t e d  i n  t h e  
t a b l e  below. 
TABLE V I  I 1-1. 
L-Code H-Code H-Code 
T r a c k i n g  A c q u i s i t i o n  T r a c k i n g  
T h r e s h o l d  T h r e s h o l d  T h r e s h o l d  
-132 dbm -127 dbm -129 dbm 
-131 dbm -126 dbm -128 dbm 
-133 dbm -127 dbm -129 dbm 
-133 dbm -125 dbm -128 dbm 
These r e a d i n g s  a r e  w i t h i n  a b o u t  k 1 db of t h e  respective r e a d i n g s  
g i v e n  for i n i t i a l  tes ts  i n  T a b l e  I V - 1  i n d i c a t i n g ' n o  d e g r a d a t i o n  
over  t h e  6-month per iod ,  
8.1.4' Vehicle Range De lay  
Veh ic l e  r a n g e  d e l a y  was measu red  u s i n g  t h e  t e s t  s e t u p  shown 
i n  F i g u r e  8-1. The d a t a  t a k e n  on  e a c h  receiver over t h e  s i x  
months program shows a v a r i a t i o n  i n  r a n g e  d e l a y  of from 0.9 meter 
on c h a n n e l  A t o  o n l y  0.15 meter o n  c h a n n e l  I). T h i s  c a n  be s e e n  
by compar ing  t h e  f i n a l  d a t a  g i v e n  below t o  t h a t  of T a b l e  111-1. 
I t  is f e l t  t h a t  much of t h e  v a r i a t i o n  ( e s p e c i a l l y  i n  c h a n n e l s  A 
a n d  B) was due t o  t h e  r e a l i g n m e n t  of t h e  r a n g e  loops as d e s c r i b e d  
i n  p a r a .  8.1.3 a n d  t h a t  t h e  v a r i a t i o n  shown for c h a n n e l  D is more 




c h a n n e l s  i n  t h e  d a t a  below, which  is n o t  t r u e  i n  t h e  d a t a  o f  T a b l e  
111-1; t h e  l a t t e r  d a t a  h a v i n g  b e e n  t a k e n  b e f o r e  r a n g e  l o o p  
r e a l i g n m e n t  (. 
FINAL VEHICLE RANGE DELAY DATA 





8.1.5 Vehicle Master O s c i l l a t o r  
c 
The vehicle m a s t e r  o s c i l l a t o r  showed excessive d r i f t  (0.7 Hz 
h i g h )  n e a r  t h e  b e g i n n i n g  o f  t h e  test  program a n d  had t o  be re- 
a d j u s t e d  t o  p e r m i t  s y s t e m  o p e r a t i o n .  F o l l o w i n g  t h i s  a d j u s t m e n t ,  
a d r i f t  of l ess  t h a n  0.1 Hz p e r  month has  b e e n  n o t e d .  
d r i f t  p rob lem c a n  therefore be a t t r i b u t e d  t o  an  i n i t i a l  c r y s t a l  
a g i n g  a n d  s t a b i l i z a t i o n  p e r i o d .  
8.2 TRANSPONDER SUBSYSTEMS 
The  o r i g i n a . 1  
8.2.1 T r a n s m i t t e r  Power O u t p u t  
The  f i r s t  d r i f t  t e s t  r e a d i n g s  i n d i c a t e d  t h a t  a p rob lem e x i s t e d  
i n  t h e  A c c e p t a n c e  T e s t  r e a d i n g s  which  a r e  l i s t e d  i n  p a r a g r a p h  2.1. 
A c o m p a r i s o n  of t h e s e  r e a d i n g s  is a s  fol lows:  
* XPDR NO. 
Power O u t p u t  
( P a r a .  2.1.1) 
1 37.4 dbm 
2 36.0 dbm 
3 36.2 dbm 
Power Out pu t  




Throughou t  t h e  tes t  p rogram,  the  power o u t p u t  measurements  of 
e a c h  t r a n s p o n d e r  
m e n t a l  c h a n g e s  a r e  of a random n a t u r e  i n d i c a t i n g  more o f  a 
measurement  p rob lem t h a n  of t r a n s m i t t e r  power d r i f t .  
c o n c l u d e  t h a t  t h e r e  was no d e g r a d a t i o n  o f  p e r f o r m a n c e  over the 
c o u r s e  of t h e  tes t  program.  
were w i t h i n  a t o l e r a n c e  of k0.5 db ,  The incre- 
We c a n  
. .  
8-4 
8.2.2 VHF Receiver T h r e s h o l d  
The VHF receivers pe r fo rmed  w i t h o u t  i n c i d e n t  d u r i n g  t h e  t es t  
program. N o  d r i f t  was o b s e r v e d  i n  t h r e s h o l d 8  -- a r e a d i n g  o f  -125 
dbm +1 db  would encompass e s s e n t i a l l y  a l l  r e a d i n g s  f o r  a l l  t h r e e  
receivers,  Even a good p o r t i o n  o f  t h i s  v a r i a t i o n  may b e  a t t r i b u t e d  
t o  measurement a c c u r a c i e s .  
L-Code 
A c q u i s i t i o n  




8.2.3 S-Band Receiver T h r e s h o l d s  
A s  d e s c r i b e d  i n  p a r a ,  8.1.3 there was some v a r i a t i o n  i n  t h r e s h -  
o l d s  which r e s u l t e d  from imprope r  s e t t i n g s  o f  L-code and  H-code 
d e m o d u l a t o r s  and  r a n g e  l o o p  a d j u s t m e n t s .  As shown i n  t h e  f o l l o w -  
i n g  t a b l e  ( t h e  f i n a l  d r i f t  t e s t  r e a d i n g s ) ,  a l l  t h r e s h o l d s  a r e  
w i t h i n  a b o u t  1 db of t h o s e  of t he  i n i t i a l  tes ts  i n  T a b l e  IV-1 .  
TABLE V I I I - 2  
H-Code L-Code 
A c q u i s i t i o n  T r a c k i n g  
Thresh0  I d  T h r e s h o l d  
-125 dbm -136 dbm 
-124 dbm -136 dbm 
-124 dbm -135 dbm 




' 3  
H-Code 
T r a c k i n g  




I n  v i e w - o f  t h e  f a c t  t h a t  i t  is f e l t  n o t  p o s s i b l e  to  r e p e a t  
r e a d i n g s  w i t h  a n  a c c u r a c y  of much b e t t e r  t h a n  +0 ,5  d b ,  t h e  re-  
m a i n i n g  t h r e s h o l d  d r i f t s  a r e  q u i t e  i n s i g n i f i c a n t .  
8 .2 .4  T r a n s p o n d e r  M a s t e r  O s c i l l a t o r s  
N o  t r a n s p o n d e r  m a s t e r  o s c i l l a t o r  was ever found  to d e p a r t  by 
more t h a n  0-1 H z  f rom a nomina l  3 ,200 ,000 .1  H z ,  H o w e v e r ,  due  t o  
e x c e s s i v e  s h o r t  term j i t t e r ,  t h e  N o .  1 t r a n s p o n d e r ' s  Mas te r  
O s ' c i l l a t o r  was r e p l a c e d  by a new M a s t e r  O s c i l l a t o r  on  4/28/67. 
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SECTION I X  
9. RFCOMMENDATIONS FOR IMPROVEMENT 
The  f o l l o w i n g  r ecommenda t ions  a p p l y  p r i m a r i l y  t o  f u t u r e  AROD 
s y s t e m s ,  While f u t u r e  s y s t e m s  may n o t  be r e q u i r e d  to e x h i b i t  
p r e c i s e l y  t h e  same c h a r a c t e r i s t i c s  a s  t h e  p r e s e n t  s y s t e m  due  t o  
d i f f e r i n g  m i s s i o n s ,  t h e  b a s i c  p o i n t s  men t ioned  here s h o u l d  a p p l y ,  
9 , 1 CHECKOUT EQUIPMENT INTERFERENCE 
Some i n t e r f e r e n c e  r e s u l t s  from a p p a r e n t  i n a d e q u a t e  b u f f e r i n g  
be tween  t h e  v e h i c l e  equ ipmen t  a n d  t h e  c h e c k o u t  equ ipmen t  u n d e r  
c e r t a i n  c o n d i t i o n s .  While t he  f o l l o w i n g  defects c o u l d  h a v e  been  
r e c t i f i e d  by  t h e  a d d i t i o n  of s u i t a b l e  b u f f e r i n g ,  t h e  a d d i t i o n a l  
cos t  was n o t  f e l t  t o  be w a r r a n t e d  f o r ' t h e  p r e s e n t  program. 
9.1.1 S t a t u s  Cable  
When o p e r a t i n g  t h e  veh ic l e  w i t h  the  c h e c k o u t  equ ipmen t  a n d  o n e  
or more t r a n s p o n d e r s ,  t r a n s i e n t s  may e n t e r  t h r o u g h  the s t a t u s  
cab le  t o  c a u s e  errors on t h e  VHF t r a n s m i s s i o n .  These  errors may 
c a u s e  a "Load Memory", "Load Memory Error", or "Re tu rn  t o  T-0" 
command t o  be t r a n s m i t t e d  t o  t h e  t r a n s p o n d e r ,  The  l a t t e r  c a u s e s  
t h e  t r a n s p o n d e r  t o  d r o p  o u t  of lock a n a  r e t u r n  t o  IT-0". The 
p r o b l e m  h a s  been c i r c u m v e n t e d  by d i s c o n n e c t i n g  this c a b l e ,  when 
n o t  r e q u i r e d ,  from the  vehicle package .  
9.1.2 C a r r i e r  Loop Dynamic P h a s e  Er ror  (DPE) T e s t  P o i n t s  
T h e  DPE tes t  p o i n t s  b r o u g h t  o v e r ' t o  t h e  c h e c k o u t  e q u i p m e n t  a r e  
u n u s a b l e  f o r  two r e a s o n s  d u e  t o  p i c k u p  i n  t h e  cable .  The 100,000- 
ohm i s o l a t i o n  resistors i n  t h e  v e h i c l e  c a u s e  t h e  s i g n a l  t o  be re- 
d u c e d  below t h e  love1 o f  t h e  n o i s e  i n  t h e  c a b l e .  T h e r e f o r e ,  t h e  
s i g n a l  c a n n o t  be  observed a t  t h e  c h e c k o u t  equ ipmen t  test p o i n t s .  
Go ing  t h e  o ther  d i r e c t i o n ,  the 100,000-ohm resis tors  do n o t  
p r o v i d e  s u f f i c i e n t  i s o l a t i o n ,  so  t h a t  t h e  o p e r a t i o n  of the c a r r i e r  
l o o p  is a d v e r s e l y  a f f e c t e d ,  D u r i n g  t h e  test program these wires 
were d i s c o n n e c t e d  a t  t h e  v e h i c l e  e n d  of the c a b l e .  
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I n  f u t u r e  s y s t e m s ,  better p r o v i s i o n s  from a l i n e - d r i v i n g  s t a n d -  
p o i n t  s h o u l d  be made f o r  c h e c k o u t  o f  s y s t e m  f u n c t i o n s .  A d d i t i a n a l  
b u f f e r i n g  s h o u l d  be p r o v i d e d  -- n o t  n e c e s s a r i l y  w i t h i n  the pack-  
age,  b u t  p o s s i b l y  close t o  the vehicle c o n n e c t o r s ,  A d d i t i o n a l  
t h o u g h t  s h o u l d  be g i v e n  t o  v e h i c l e  s i g n a l s  which n e e d  b u f f e r i n g  
to p r e s e r v e  waveshape  a n d  a v o i d  c r o s s t a l k  e f fec ts .  
9.2. VHF SPECTRUM . 
Due t o  a p r o b a b l e  error  i n  t h e  d e s i g n  of t h e  VHF p r e m o d u l a t i o n  
f i l t e r ,  m o d u l a t i o n  h a r m o n i c s  a r e  p r e s e n t  a t  t h e  o u t p u t  of t h e  
t r a n s m i t t e r  which s l i g h t l y  exceed t h e  p e r m i s s i b l e  l eve l ,  While 
t h i s  is s a t i s f a c t o r y  f o r  l a b o r a t o r y  u s e ,  t h e  f i l t e r  s h o u l d  be re- 
d e s i g n e d  before t h e  s y s t e m  goes i n t o  o p e r a t i o n  i n  the f i e l d .  The  
f i f t h ,  a n d  h i g h e r ,  h a r m o n i c s  o f  t h e  18.75 kHz m o d u l a t i o n  s u b -  
c a r r i e r  must  be r e d u c e d ,  a s  t h e y  f a l l  o u t s i d e  t he  p e r m i s s i b l e  75 
kHz b a n d w i d t h  of t h e  138 MHz c a r r i e r , .  
9.3 VELOCITY READOUT 
Severa l  problems a r e  a s s o c i a t e d  with the  v e l o c i t y  r e a d o u t  s y s -  
t e m .  T h e s e  a r e  desc r ibed  below. 
9.3-1 V e l o c i t y  E x t r a c t o r  D e s i g n  E r r o r s  
Through d e s i g n  errors, two d e f i c i e n c i e s  were i n c o r p o r a t e d  i n t o  
t$e v e l o c i t y  e x t r a c t o r s :  
1, The  wrong p r e s e t  number was b u i l t  i n ,  T h i s  r e s u l t s  i n  a 
f i x e d  r e a d o u t  error or b i a s .  
2, I n  order  t o  d e t e r m i n e  p r e c i s e l y  t h e  l a s t  b i t  o f  v e l o c i t y  
d a t a ,  i t  is n e c e s s a r y  t o  compare the p h a s e  of the c o u n t i n g  
s i g n a l  a t  bo th  t h e  s t a r t  a n d ' c o n c l u s i o n  of t h e  c o u n t i n g  
i n t e r v a l ,  A s  d e s i g n e d ,  t h e  p h a s e  a t  t h e  end  o f  t he  i n t e r - .  
v a l  o n l y  is i n s p e c t e d  t o  d e t e r m i n e  t h e  l a s t  b i t .  T h i s  is 
a c t u a l l y  n o t  s u f f i c i e n t  i n f o r m a t i o n .  
T h e s e  two f a c t o r s  a r e  somewhat' i n t e r - r e l a t e d  i n  t he  v e l o c i t y  
e x t r a c t i o n  process a n d  i t  is n o t  p o s s i b l e  t o  e l i m i n a t e  t h e  error 
e n t i r e l y  by  a l t e r i n g  the d a t a  r e d u c t i o n  program. 
9 -2 
9.3.2 Gross V e l o c i t y  E x t r a c t o r  F a u l t  
A p o s s i b l e  i n t e r m i t t e n t  p a r t  or c o n n e c t i o n  a p p a r e n t l y  ex is t s  i n  
c i r c u i t r y  p r o v i d i n g  g a t i n g  s i g n a l s  t o  the v e l o c i t y  e x t r a c t o r s .  
This r e s u l  l;s i n  o c c a s i o n a l l y  m e a s u r i n g  v e l o c i t y  over 1 2  L-code 
p e r i o d s  i n s t e a d  of the correct t e n  p e r i o d  w i t h  a r e s u l t i n g  e r ror  
of 3341.422 meters/sec. The  d a t a  r e d u c t i o n  program was s e t  u p  to  
d e l e t e  t h e s e  r e a d i n g s  a s  t h e y  o c c u r r e d .  A c o r r e c t i o n ,  u n l e s s  t h e  
c o n d i t i o n  w o r s e n e d ,  was f e l t  to  be u n n e c e s s a r i l y  e x p e n s i v e .  
9.3.3 V e l o c i t y  J i t ter  
V e l o c i t y  j i t t e r  o c c u r s  a s  a r e s u l t  of sho r t  term i n s t a b i l i t i e s  
i n  t h e  r-f s i g n a l s  g e n e r a t e d  w i t h i n  the AROD s y s t e m .  T h e s e  i n s t a -  
b i l i t i e s  o c c u r  g e n e r a l l y  i n  t h e  d i g i t a l  f r e q u e n c y  s y n t h e s i z e r s  i n  
b o t h  t h e  v e h i c l e  a n d  t r a n s p o n d e r  e q u i p m e n t s .  
s y n t h e s i z e r  i n  t h e  l o o p  may c o n t r i b u t e  from 0.015 t o  0.05 meter/ 
sec of r m s  j i t t e r  t o  t h e  t o t a l .  For a f u r t h e r  d i s c u s s i o n  of t h i s  
p rob lem,  see Appendix  A - 2 .  
T e s t s  show t h a t  e a c h  
The p r o b l e m s  l i s t e d  a b o v e  s h o u l d  o b v i o u s l y  be c leared  up i n  
a n y  new s y s t e m ,  If p o s s i b l e ,  t h e  veh ic l e  s y n t h e s i z e r  s h o u l d  b e  
r e d e s i g n e d  and  r e b u i l t  on  t h e  p r e s e n t  s y s t e m  s u c h  t h a t  the bes t  
p o s s i b l e  p e r i o r m a n c e  c a n  be r e a l i z e d  w i t h  t h e  e q u i p m e n t ,  a s  
s h i p p e d .  
9.4 STATION CONTROL LOGIC/CODE CONTROLS 
I t  is recommended" for fu tuxw s y s t e m s  t h a t  t h e  s t a t i o n  c o n t r o l  
logic  a n d  a s s o c i a t e d  receiver a n d  t r a n s m i t t e r  code c o n t r o l s  be 
r e d c s i g n c d  to pcrmi  t i n d e p e n d e n t  o p e r a  t i o n  of the c o d c  con t ro l  
u n i t s .  T h i s  w o u l d  a l l o w  t h e  receiver t o  f u l l y  a c q u i r e  the L-code 
a n d  H-code prior t o  r e c e i p t  o f  a n  ON command from t h e  veh ic l e .  
On ly  t h e  t r a n s m i t t e r  code c o n t r o l  would be reset t o  T-0 by v e h i c l e  
command. After t h e . r e c e i p t  of a n  ON command, t he  t r a n s p o n d e r  
c o u l d  r e s p o n d  i m m e d i a t e l y  w i t h  a n  L-code t r a n s m i s s i o n ,  t h e r e b y  
r e d u c i n g  t h e  s y s t e m  a c q u i s i t i o n  t i m e  by  up t o  2.5 s e c o n d s .  
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9.5 OPERATION I N  A VACUUM 
While  n o t  a n e c e s s i t y  f o r  t h e  p r e s e n t  s y s t e m ,  i t  seems des i r -  
a b l e  t o - e x t e n d  o p e r a t i o n  i n  f u t u r e  s y s t e m s  to o p e r a t i o n  i n  a 
vacuum. N o t  o n l y  would this p e r m i t  a s i m p l i f i e d  c a s e ,  i f  desired,  
b u t  would a l s o  p e r m i t  c o n t i n u e d  o p e r a t i o n  i n  the p r e s e n t  config-  
u r a t i o n ,  if p r e s s u r i z a t i o n  w a s  l o s t ,  The p r e s e n t  d e s i g n  is v e r y  
close t o  t h i s  g o a l  -- a p p a r e n t l y  o n l y  two or t h r e e c f a c t o r s  n e e d  
c o n s i d e r a t i o n .  
1, R e d e s i g n  S-band d i p l e x e r  u s i n g  h i g h e r  d ie lec t r ic  s p a c i n g s ,  
p o t t i n g  compound, or foam, 
2. R e d e s i g n  f r a m e  s t r u c t u r e  of VHF t r a n s m i t t e r  f o r  h i g h e r  con- 
d u c t i v i t y  t o  b a s e ,  The p r e s e n t  d e s i g n  r e l i e s  a g r e a t  d e a l  
on c o n v e c t i o n  a n d  r a d i a n t  h e a t  t r a n s f e r  to  a d j a c e n t  f r a m e s  
t o  m a i n t a i n  a r e a s o n a b l e  o p e r a t i n g  t e m p e r a t u r e .  W i t h o u t  
these h e a t  l o s s  p a t h s  ( i n  a vacuum) t h e  o p e r a t i n g  t empera -  
t u r e  w i l l  a p p r o a c h  SOOC. T h i s  is a w o r k a b l e  t e m p e r a t u r e ,  
b u t  p e r f o r m a n c e  is  r e d u c e d ,  component stresses i n c r e a s e d ,  
and  h e n c e  r e l i a b i l i t y  may s u f f e r  c o n s i d e r a b l y .  
3, I t e m  2 may a l s o  a p p l y  t o  t h e  power c o n v e r t e r  -- t h i s  frame 
was n o t  tes ted.  T e s t i n g  i n  a vacuum would  be r e q u i r e d  
before making a d e c i s i o n ,  b u t  i t  a p p e a r s  l i k e l y  t h i s  f r a m e  
might  a l s o  r e q u i r e  some r e d e s i g n ,  a s  i t  is a h i g h  power 
a s s e m b l y .  
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APPENDIX A-1 
DOPPLER REVERSE I N  THE AROD SYSTEM 
(3 
The mechanism of D o p p l e r  reverse i n  t h e  AROD Sys tem is best  
u n d e r s t o o d  by  i n s p e c t i o n  of  t he  b l o c k  d i a g r a m  of F i g u r e  A l - 1 .  
The  i n t e n t  is t h a t  t h e  t r a n s p o n d e r  lock to t h e  down-l ink S-band 
t r a n s m i s s i o n  a n d  s y n t h e s i z e  t he  u p - l i n k  t r a n s m i s s i o n  w i t h  reverse 
D o p p l e r ,  s u c h  t h a t  t h e  received S-band s i g n a l  a t  t h e  vehicle  con-  
t a i n s  zero Dopp le r .  T h i s  e n a b l e s  a much more r a p i d  a c q u i s i t i o n  
s e q u e n c e  i n  the v e h i c l e .  A f t e r  L-code is  a c q u i r e d ,  i n  t h e  veh ic l e ,  
t h e  t r a n s p o n d e r  sweeps  t h e  D o p p l e r  t o  t h e  t r u e  c o n d i t i o n .  R e -  
f e r r i n g  t o  F i g u r e  A l - 1 ,  t h e  19.2 MHz + D o p p l e r  (D) i n p u t  is 
s y n t h e s i z e d  i n  t h e  s t a t i o n  TRACKING receiver.  The 19 .2  MHz ref-  
e r e n c e  is o b t a i n e d  from the t r a n s p o n d e r  m a s t e r  o s c i l l a t o r  (3 .2  
MHz x 6 ) .  
With the s w i t c h ,  S ,  i n  t he  REVERSE p o s i t i o n ,  t h e  D o p p l e r  is 
r e v e r s e d  t o  p roduce  a 19 .2  MHz - D o u t p u t .  Throwing  t h e  s w i t c h ,  
S ,  t o  t h e  TRUE p o s i t i o n  p r o d u c e s  a n  o u t p u t  i d e n t i c a l  t o  t h e  i n p u t ,  
19 .2  MHz + P.  (D, o f  c o u r s e ,  is a q u a n t i t y  which may be e i the r  
p o s i t i v e  or n e g a t i v e  i n  i t s e l f . )  
When u s i n g  t h e  wideband s y n t h e s i z e r  (see p a r a .  3.3.2) w i t h  
D o p p l e r  s i m u l a t e d  on t h e  down- l ink ,  a s l i g h t l y  d i f f e r e n t  mech- 
an i sm is r e q u i r e d .  T h i s  is shown i n  F igu re  A1-2, I n  t h e  l a b -  
o r a t o r y ,  t h e r e  is no  D o p p l e r  e f f e c t  on t h e  u p - l i n k .  T h e r e f o r e ,  
i n  t h e  REVERSE mode, t h e  t r a n s m i t t e d  s i g n a l  must  b e  a t  zero 
D o p p l e r  i n s t e a d  of "minus" Dopp le r .  T h i s  is a c c o m p l i s h e d  b y  
u s i n g  t h e  1 9 . 2  MHz r e f e r e n c e  s y n t h e s i z e r  ( p a r a .  3 . 3 . 3 )  t o  p r o d u c e  
a 19.2 MHz + D/2 s i g n a l .  With s w i t c h ,  S,  of F i g u r e  A1-2 i n  t h e  
REVERSE p o s i t i o n ,  t h e  o u t p u t  is p r e c i s e l y  19.2 MHz. Wi th  t h e  










The diagrams of F i g u r e s  A l - 1  a n d  A1-2  a r e  somewhat s i m p l i f i e d  
i n  t h a t  a d d i t i o n a l  c i r c u i t r y  is r e q u i r e d  t o  p r o v i d e  a c o n t r o l l e d  
sweep of t h e  L-band o u t p u t  f r e q u e n c y  h a v i n g  a r a t e  of a p p r o x i m a t e l y  
40 kHz p e r  s e c o n d ,  T h i s  c o r r e s p o n d s  t o  a sweep r a t e  of a p p r o x i -  
m a t e l y  284 H z  p e r  s e c o n d  a t  t h e  12.8 M H z  VCO. A block d i a g r a m  
s h o w i n g  t h e  o r i g i n a l  c o n c e p t  f o r  s w e e p i n g  t h e  12.8 M H z  VCO is 
shown i n  F i g u r e  A 1 - 3 .  With t h e  t r a n s p o n d e r  locked i n  s t a t e  T-2, 
a n d  p r i o r  t o  i n i t i a t i n g  D o p p l e r  reverse, t h e  p h a s e  detector ((bd) 
is a t  zero v o l t s  and  t h e  c o h e r e n t  a m p l i t u d e  detector  (CAD) o u t p u t  
is 1.0 v o l t .  The t r a n s i s t o r  s w i t c h  is s h o r t e d ,  p e r m i t t i n g  no rma l  
o p e r a t i o n  of t h e  l o o p  f i l t e r ,  Upon receipt of t h e  "Track" com- 
mand, t h e  s w i t c h ,  S ,  of F i g u r e  A l - 1  is s w i t c h e d  t o  t h e  TRUE pos i -  
t i o n  s u c h  t h a t  t h e  19.2 M H z  i n p u t  of F i g u r e  A 1 - 3  c h a n g e s  from 
19.'2 MHz R e f  t o  19.2 MHz + D. The  o u t p u t s  of @d a n d  CAD become 
b e a t  n o t e s  ( s w i n g i n g  a r o u n d  0 v o l t s )  . h a v i n g  a f r e q u e n c y  of 2G 
with  the  CAD o u t p u t  l a g g i n g  or l e a d i n g  t h e  @d o u t p u t  i n  p h a s e  by 
90° d e p e n d i n g  upon whether  D o p p l e r  is p o s i t i v e  or n e g a t i v e .  The 
s i g n  detector examines  t h e  p o l a r i t y  of the CAD a t  t h e  p h a s e  de-  
t ec tor  p lus - to -minus  zero c r o s s i n g s  a n d  p r o v i d e s  a n  o u t p u t  of 
"one" or "zero" d e p e n d i n g  on  t h e  D o p p l e r  p o l a r i t y .  The  s i g n  con-  
verter p r o d u c e s  a n  o u t p u t  of  p l u s  or minus  1 v o l t  d e p e n d i n g  o n  
t h i s  i n p u t ,  The d i s a p p e a r a n c e  of t h e  1 - v o l t  s t e a d y  s t a t e  CAD o u t -  
p u t  c a u s e s  t h e  t r a n s i s t o r  s w i t c h  t o  o p e n ,  r emov ing  t h e  s h o r t  on 
t h e  loop f i l t e r  i n p u t .  T h e  s i g n  c o n v e r t e r  o u t p u t  is therefore 
a p p l i e d  t o  t h e  loop  f i l t e r  i n p u t ,  d r i v i n g  i ts  o u t p u t  t o  p l u s  or 
minus  s a t u r a t i o n .  T h i s  s t e p  o u t p u t  is i n t e g r a t e d  t o  a ramp b y  
t h e  a c t i o n  of R1, R2, a n d  C t o  d r i v e '  t h e  12.8 M H z  VCO i n  t h e  d i -  
r e c t i o n  t o  r e d u c e  t h e  f r e q u e n c y  of the b e a t  note t o  zero. A t  
t h i s  p o i n t ,  t h e  C A D g o e s  t o  the 1-vol t  l eve l ,  s h o r t i n g  t h e  t r a n -  
sistor s w i t c h ,  t h e r e b y  d i s a b l i n g  t h e  sweep i n p u t ,  A s  t h e  p h a s e  
detector i n p u t  is now zero v o l t s ,  t h e  loop r e m a i n s  locked. The 
CAD a l s o  p r o v i d e s  a l og ic  i n p u t  t o  e n a b l e  t h e  DRC command which 
i n i t i a t e s  t r a n s m i s s i o n  of the  H-code by  t h e  t r a n s p o n d e r .  
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Severa l  defects  were n o t e d  i n  t h e  s y s t e m  d u r i n g  l a b o r a t o r y  I 
e v a l u a t i o n .  O p e r a t i o n  was ,  a t  be s t ,  e r r a t i c .  The  p r o b l e m  stemmed 
m a i n l y  from t r a n s i e n t s  d u r i n g  t h e  r e v e r s i n g  p r o c e s s  which c o u l d  
n o t  be t racked  by t h e  v e h i c l e  equ ipmen t .  The loop f i l t e r  R 1 ,  R 2 ,  
a n d  C p r o d u c e d  a s t e p  of v o l t a g e  a t  t h e  s t a r t  of t h e  sweep a n d  
the  DRC c i r c u i t r y  almost i n v a r i a b l y  c a u s e d  a d r o p o u t  a t  t h e  e n d  
of t h e  sweep by p r o v i d i n g  a DRC command and  H-code a p p l i c a t i o n  
before  t h e  vehicle loops  had  s e t t l e d .  I n  a d d i t i o n ,  t h e  s w e e p  
w o u l d  r e s t a r t  a n d  s t o p  i f  t r a n s p o n d e r  lock o c c u r r e d  a t  t h e  p h a s e  
de tec tor  zero c r o s s i n g  where t h e  CAD o u t p u t  is -1 v o l t ,  T h i s  
would i m m e d i a t e l y  c a u s e  v e h i c l e  d r o p o u t ,  s i n c e  t h e  v e h i c l e  re- 
ceiver had gone  to t h e  na r row b a n d w i d t h  mode f o l l o w i n g  t h e  DRC 
t r a n s m i s s i o n .  E x t e n s i v e  r e v i s i o n s  were r e q u i r e d  t o  correct  these 
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f o l l o w i n g  s t e p s  were t a k e n :  
The l o o p  f i l t e r  was r e c o n f i g u r e d  t o  p e r m i t  r e l o c a t i n g  R 2  
of F i g u r e  A 1 - 3  t o  e l i m i n a t e  t h e  i n i t i a l  s t e p  i n  t h e  ramp. 
The  sweep s i g n a l  l e v e l  was r e d u c e d  and  t h e  loop opened  
d u r i n g  t h e  sweep  (by  s h o r t i n g  the i n p u t  t o  t h e  loop  f i l t e r )  
t o  p e r m i t  l i n e a r  o p e r a t i o n  of t he  loop f i l t e r  a m p l i f i e r .  
L o g i c  was i n s t a l l e d  which a l l o w s  s t o p p i n g  of t h e  sweep 
s i g n a l  o n l y  a t  those zero c r o s s i n g s  of t h e  p-hase detector  
a t  which t i m e  t h e  CAD o u t p u t  is a t  a +1 v o l t  l eve l .  T h i s  
was done  t o  p r e v e n t  random r e s t a r t s  of the sweep. 
Logic was i n s t a l l e d  to  d e l a y  t he  o p e n i n g  of the t r a n s i s t o r  
s w i t c h  ( F i g u r e  A I - 3 )  f o r  a f i n i t e  p e r i o d  a f t e r  a p p l i c a t i o n  
of t h e  sweep  v o l t a g e  t o  p e r m i t  s t a b i l i z a t i o n .  
C i r c u i t r y  was added to  m a i n t a i n  t h e  T r a c k  s i g n a l  a t  t h e  "1" 
l e v e l  for a f i n i t e  t i m e  p e r i o d  to  overcome a r a c e  p r o b l e m  
be tween t h e  T r a c k  s i g n a l  a n d  t h e  CAD s i g n a l  l e v e l .  
The DRC s i g n a l  was d e l a y e d  for a f i n i t e  t i m e  p e r i o d  t o  
p e r m i t  s t a b i l i z a t i o n  of t h e  vehic le  loop before i t  is com- 
manded t o  s t a t e  V - 3 ,  
A1-6' 
F i g u r e  A1-4  is a block d iag ram of t h e  r e v i s e d  Doppler  sweep 
g e n e r a  tor which a c c o m p l i s h e s  these s t e p s .  T y p i c a l  waveforms a r e  
shown i n  F i g u r e  A1-5 .  
A I - 7 ,  A 1-8 
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P r o b a b l y  t h e  m o s t  s e r i o u s  p r o b l e m  e n c o u n t e r e d  w i t h  t h e  AROD 
e q u i p m e n t s  d u r i n g  t h e  L a b o r a t o r y  T e s t  and  E v a l u a t i o n  Program was 
t h a t  of  r e f i n i n g  t h e  v e l o c i t y  d a t a  t o  an  a c c e p t a b l e  e r ror  l e v e l .  
Th'e v e l o c i t y  e x t r a c t i o n  p r o c e s s  is b a s e d  o n  c o u n t i n g  t h e  number 
of c y c l e s  of t h e  f r e q u e n c y ,  f ,  o c c u r r i n g  d u r i n g  t e n  L-code p e r i o d s ,  
o r  202 .8  m i l l i s e c o n d s .  The f r e q u e n c y ,  f ,  is 3.2 MHz, p l u s  or 
minus e i g h t  t imes the  D o p p l e r  f r e q u e n c y  a s s o c i a t e d  w i t h  3.2 MBz. 
The c o u n t e r  is p r e s e t  s u c h  t h a t  i f  t h e  D o p p l e r  f r e q u e n c y  is zero 
( v e l o c i t y  = 0) t h e n  t h e  c o u n t e r  i n d i c a t e s  a c o u n t  o f  z e r o .  Any 
j i t t e r  or f r e q u e n c y  i n s t a b i l i t y  o f  t h e  veh ic l e  m a s t e r  o s c i l l a t o r ,  
t r a n s m i t t e r  f r e q u e n c y ,  l o c a l  o s c i l l a t o r  f r e q u e n c y ,  or t h e  t r a n s -  
p o n d e r  t r a n s m i t t e r  or l o c a l  o s c i l l a t o r  f r e q u e n c i e s  c o n t r i b u t e  t o  
c a u s i n g  v e l o c i t y  r e a d o u t  errors. I n  o t h e r  words ,  t he  j i t t e r  may ' 
be i n t r o d u c e d  i n  any  o f  t h e  S-band s y n t h e s i z e d  f r e q u e n c i e s ,  which 
i n  o p e r a t i o n  a r e  c o h e r e n t  w i t h  t h e  v e h i c l e  m a s t e r  o s c i l l a t o r .  
A s  an  example ,  observe t h e  p l o t  of v e l o c i t y  d a t a  of F i g u r e  
A2-1. T h e s e  d a t a  were t a k e n  u n d e r  c ' o n d i t i o n s  i d e n t i c a l  to  t h o s e  
from which F i g u r e  5-3 were p l o t t e d ,  t h e  u p p e r  c u r v e  b e i n g  t h e  
s t a n d a r d  d e v i a t i o n  aGnd t h e  lower, t h e  mean. A t  this p o i n t  i n  t h e  
t e s t  program,  T r a n s p o n d e r  N o ,  1 had e x c e s s i v e  j i t t e r  i n  i t s  t r a n s -  
mi t te r  s y n t ; h c s i m r ,  T r a n s p o n d c r  N o ,  2 was b e t t e r ,  ns c n n  be seen 
i n  t h c  p l o t  of F i g u r e  A2-2. I t  is s t i l l  much worse t h a n  t h a t  of 
F i g u r e  5-3, however. A r e l a t i v e l y  m i n o r  d e s i g n  c o r r e c t  i o n  p roduced  
e q u i v a l e n t  r e s u l t s  i n  a l l  three t r a n s p o n d e r s .  
The m a j o r  improvements  i n  v e l o c i t y  d a t a  r e s u l t e d  f r o m  t h e  con-  
s t r u c t i o n  of new s y n t h e s i z e r  l o o p s  f o r  t h e  v e h i c l e  t r a n s m i t t e r  
f r e q u e n c y  (2214 MHz) a n d  t h e  v e h i c l e  receiver l o c a l  o s c i l l a t o r  
(1742.6 MHz). The o r i g i n a l  s y n t h e s i z e r s  were c o n s t r u c t e d  a s  
shown i n  F i g u r e  A2-3. The  l o o p  g a i n  of e a c h  l o o p  is a b o u t  100 a n d  
t h e  n o i s e  bandwid th  a b o u t  5 H z ,  The  b r e a d b o a r d  s y K t h e s i z e r s  u s e d  
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t h e  l o o p  c o n f i g u r a t i o n  shown i n  F igure  3-4. I n  f a c t ,  t h e  wideband 
S y n t h e s i z e r  d e s c r i b e d  i n  p a r a g r a p h  3.3.2 was u s e d  a s  t h e  v e h i c l e  ' 
t r a n s m i t t e r  s y n t h e s i z e r  d u r i n g  t h e  t es t s  o f  p a r a g r a p h  5 . 3 .  T h e s e  
l o o p s  have  a loop  g a i n  o f  a b o u t  6400 a n d  a n o i s e  bandwid th  o f  
a b o u t  100 H z ,  P h a s e  d e t e c t i o n  is p e r f o r m e d  a t  400 kHz i n s t e a d  of 
6-25  kHz, 
The f i n a l  d a t a  o n  v e l o c i t y  p r e s e n t e d  i n  S e c t i o n s  V a n d  V I  of 
t h i s  r e p o r t  u t i l i z e d ?  these e x t e r n a l  s y n t h e s i z e r  l o o p s .  A s  t h e  
same t y p e  loop  was o r i g i n a l l y  u t i l i z e d  i n  t h e  t r a n s p o n d e r  t r a n s -  
mit ters ,  no r e f i n e m e n t s  were made i n  them. The t r a n s p o n d e r  re- 
c e i v e r  l o c a l  o s c i l l a t o r s  a r e  s y n t h e s i z e d  by mul t ip ly -and-add  
t e c h n i q u e s  a n d  a r e  f e l t  t o  be r e l a t i v e l y  c l e a n .  
The f i n a l  r e s u l t s  o f  v e l o c i t y  t es t  o f  S e c t i o n  V of t h i s  r e p o r t  
showed r e s u l t s  which were a f ac to r  of two t o  three t i m e s  b e t t e r  
t h a n  i n d i c a t e d  i n  F i g u r e  A2-2. Any a d d i t i o n a l  improvements  a r e  
f e l t  t o  be  p o s s i b l e  o n l y  t h r o u g h  a c o m p l e t e  r e d e s i g n  of t h e  S-band 
f r e q u e n c y  s y n t h e s i s  t e c h n i q u e ,  
A2 -5 
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